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The Funior Fnatitution of Engineers, 


COMMENDATORE G. MARCONI, D.Sc., LL.D., 
PRESIDENT, 1911-12. -. 


CoMMENDATORE С. Marconi, Hon. D.Sc. (Oxford), Hon. 


9 LL.D. (Glasgow), 1904 ; born, Bologna (mother ап Irishwoman), 
. 95th April, 1874; married, 1905, Hon. Beatrice O’Brien, daughter 
„ of fourteenth Baron Inchiquin ; one son, one daughter. Educated 
=, at Leghorn under Prof. Rosa ; Bologna University. Carried out 
^4 first experiments in connection with his system of wireless tele- 


graphy at Bologna, 1895. Same tested in England between 
Penarth and Weston, with success, 1897; then by Italian Ministry 
of Marine at Spezia. In 1899 established wireless communication 
between France and England across the English Channel. His 
system is now used exclusively by Lloyds' and principal shipping 
companies in England and abroad ; also employed by the British 
and Italian Admiralties in their respective navies, and at various 
land stations, over distances ranging up to 1,000 miles ; was the 
first to receive signals, transmitted by his system of wireless 
telegraphy, across the Atlantic Ocean, from Poldhu, Cornwall, to 
St. John's, Newfoundland, a distance of 2,100 miles, 1901; sub- 
„mitted to Their Majesties the Tsar and the King of Italy at Kron- 
“stadt wireless telegrams received from Cornwall by his system 
Zon board the Italian cruiser ‘‘ Carlo Alberto " during her voyage 
4from England to Russia and in Kronstadt Harbour, 1902 ; later 
in the same year received at Gibraltar and in various parts of the 
. Mediterranean wireless telegrams transmitted direct from Corn- 
~ wall to the '' Carlo Alberto "' ; and in December, 1902, was able 
*to announce establishment of wireless telegraphic communication 
.by his system between Canada (Cape Breton) and England, formal 
;inauguratory message being transmitted from the Governor- 
General of Canada and from Mr. Marconi to the King of England, 
i and from Mr. Marconi to the King of Italy ; a few weeks later 
“transmitted message from the President of the United States to 
~ the King of England, inaugurating wireless connection also 
-between Cape Cod (Mass.) and Cornwall. Decorated by the Tsar 
«with the Order of St. Anne, created by the King of Italy Com- 
“mander of the Order. of, 9-63" and St. Lazarus and Grand 
“2\)<% 
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iv. PRESIDENT, 1912-18. 


Cross of the Order of the Crown of Italy, 1902 ; received Freedom 
of the City of Rome, 1903; sailed on H.M.S. “ Duncan " from 
Portsmouth to Gibraltar, wireless messages being received from 
Poldhu throughout the voyage, 1903; inaugurated on R.M.S. 
‘ Campania” first ocean daily newspaper (“ Cunard Daily 
Bulletin ’’), 1904 ; service now extended to many other ships : over 
290 steamships of the Mercantile Marine, in addition to the 
principal warships of the British and Italian navies, are now fitted 
with his system ; established a public service of wireless telegraphy 
between Bari (Italy) and Antivari (Montenegro); invented his 
directive system of wireless telegraphy ; created Chevalier of Civil 
Order of Savoy, 1905 ; invented a new persistent-wave system of 
wireless telegraphy, 1906 ; established Transatlantic wireless tele- 
graph service for public use between England and America, 1907 ; 
received Nobel Prize for Physics, Stockholm, 1909. Recreations : 
hunting, cycling, motoring. Address: Marconi House, Strand, 
W.C.; Villa Griffone, Pontecchio, Italy. Clubs: Bath, Auto- 
mobile, Hurlingham, Pilgrims’, Brooklands, New Vagabond.— 
Who’s Who. 
The Portrait 15 from a photograph by “ Elliott & Fry.” 
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ALEXANDER SIEMENS, M.Inst.C.E. (1894-5). 
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Jonn A. Е. AsriNALL, M.Inst.C.E. (1897-8). 
Sir WiLLIAM Н. Мніте, K.C.B, D.Sc., LL.D., F.R.S. (1898-9). 
Hon. Sir CHARLES A. Parsons, K.C.B., M.A., LL.D., F.R.S. (1899-1900). 
The late Sir LowrHiaN BE Lt, Bart., LL.D., F.R.S. (19oo-1). 
Sir JoHN Jackson, F.R.S.E. (1901-2). 
Col. Sir Epwarp КАВАМ, K.C.B., К.Е. (1902-3). 
Lord Fretcuer Mou ton, P.C., F.R.S. (1903-4). 
Sir WiLLIAM Н. Linprey, M.Inst.C.E., F.G.S. (1904-5). 
Ducarp Crerk, F.R.S., M.Inst.C.E. (1905-6). 
WiLLiAM B. Bryan, M.Inst.C.E. (1906-7.) 
The late Gustave Слмет, M Inst.C.E. (1907-8). 
JAMES SwiNBURNE, F.R.S., M.Inst.C.E. (1908-9). 
Engineer Vice-Admiral Sir Henry J. Oram, K.C.B., F.R.S. (1909-10). 
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Tug MASTER CUTLER. Sir T. SALTER Pyne, C.S.I. 

Sir Н. F. DonaLpson, K.C.B., Rt. Hon. Lord RayLeEIGH, O.M., F.R.S. 
M.Inst.C. E. 

Hon. Скоксв DUNCAN, M.Inst.C.E. The Hon. WiLLIAM PEMBER REEVES. 
Bir |. А. EwiNG, K.C.B., F.R.S. Sir Davip SALomons, Bart., М.А. 
Sir ARCHIBALD Скікік, K.C.B., P.R.S. Frenk. W. SaNpERSON, М.А. 

К.Т. Сі.АгЕвкоок, D.Sc., F.R.S. WILLIAM JOHN TENNANT, 
Sir A. С. GREENHILL, М.А., F.R.S. F.C.I.P.A., М.1.Месһ.Е. 
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M.Inst.C.E. | Sir Рнилр Warts, K.C.B. 
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vi. 
| Chairman: 
WALTER T. Dunn, F.C.I.S. 


Vice-Chairmen : 
$. BvLANDKR. Percy L. Young, А.М І. Mech.E. 


Past-Chairmen: 
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The late Henry J. Үоомс, A.M.I.Mech.E. (1894-1896). 
Н. BLooMFIELD VOoRLEY, A.I.E.E. (1896-1898). 
Basir Н. Joy (1898-1900). 
PERCIVAL MARSHALL, A.I.Mech.E. (1900-1902). 
KENNETH Gray, M.San.I. (1902-1903). 
SAMUEL CUTLER, Jun., Assoc. M. Inst. C. E. (1903-1905). 
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SIDNEY V. CookE, 23 Stockwell Green, S.W. 
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W. А. Тоокеү, М.І. Mech. Е. | М.1.М.М. 
А. Н. ПкКіттек, G.I. Mech.E. J. J. РАСЕ, 
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LIST OF . MEMBERS AT 30th SEPTEMBER, 1911. 


[Telegraphic Addresses and Telephone Nos. are italicised in brackets.] 


Elected. 
ттт Mar. 


1597 Sept. 


1893 Sept. 


1896 Sept. 


1906 July 


1905 July 


1895 Sept. 
1890 Sept. 


PRESIDENT—1911-1912. 


Marconi, COMMENDATORE G., D.Sc., LL.D., Watergate House, 
John Street, Adelphi, W.C. 


PAST-PRESIDENTS. 


Ее AUDLEY FREDERICK, M.Inst.C.E., Gledhill, Mossley 
Hill rive, Liverpool; General Manager, Lancashire and 
Yorkshire Railway, Hunt’s Bank, Manchester. 


Barry, бк JOHN WOLFE, K.C.B., F.R.S., 2 Queen Anne's Gate, 
Westminster, S.W.; and 15 Chelsea Embankment, S.W. 
(Consilium, London. 24 Westminster.) | 


BINNIE, SIR ALEXANDER RicHARDsON, M.Inst.C.E., St. Stephen’ 
House, Victoria Embankment, S.W.; and 77 Ladbroke 
Grove, W. 


Bryan, WirLiAM Воотн, M.Inst.C.E., Chief Engineer to the 
Metropolitan Water Board, Savoy Court, Strand, W.C. 
(Engineer, Water Board, London. 4318 Gerrard]; and Elmstead 
Wood, Elmstead Lane, Chislehurst. 


CrERK, Ducarp, F.R.S., M.Inst.C.E., 57 & 55 Lincoln's Inn 
Fields, W.C. (Cleradam, London. 1518 Holborn.] ; 6 Feather- 
stone Buildings, High Holborn; and Lukyrs, Ewhurst. 


DENNY, ARCHIBALD, LL.D., M.Inst.C.E., Leven Shipbuilding Yard, 
Dumbarton, N.B. 


as Hon. Mem. 


1901 May 


1385 Dec. 


1904 June: 


1903 July 


1909 May 


I$99 Sept. 


188g Aug. 


1902 Sept. 


Jackson, Sir ]онм, LL.D., F.R.S.E., 53 Victoria Street, West- 
minster ; 10 Holland Park, W. ; and The Pounds, Plymouth. 


KENNEDY, бік ALEXANDER BLAcKIE WirLLiAM, LL.D., F.R.S., 17 
Victoria Street, Westminster, S.W. (Kinematic, London] ; and 
I Queen Anne Street, Cavendish Square, W. 


LINDLEY, бїк WILLIAM HEERLEIN. M Inst.C. E., F.G.S., 29 Blit- 
tersdorftsplatz, Frankfort-on-Maine. 


Мосітом, Lorp Justice J. FLETCHER, P.C., F.R.S., 57 Onslow 
Square, S.W. (720 Kensington. ] 


OraM, Engineer Vice-Admiral Sir Henry J., K.C.B.; Engineer-in- 
Chief of the Fleet, The Admiralty, Whitehall, S. W. ; and 
St. Arvans, Grasmere Road, Bromley, Kent. 


Parsons, THE Hon. Sır CHARLES ALGERNON, K.C.B., F.R.S. 
Holeyn Hall, Wylam-on-Tyne; and The Parsons Marine 
Steam Turbine Co., Turbinia Works, Wallsend-on-Tyne. 


Perry, Јонх, D.Sc., Wh.Sc., F.R.S., Professor of Mechanics and 
Mathematics, Royal College of Science, South Kensington, 
S.W.; and 34 Palace Gardens Terrace, W. 


КАВАМ, Cor. Sir EpwaRp, K.C.B., R.E., Director of Works of the 
Navy, The Admiralty, S.W.; and 35 Elm Park Gardens S.W. 


р. THE JUNIOR INSTITUTION OF ENGINEERS. 


Elected. 
1894 Oct. SIEMENS, ALEXANDER, М Inst.C.E., Caxton House, S.W. [860 
1892 Mar. Westminster] ; and 7 Airlie Gardens, Campden Hill, W. 


as Vice-Pres. 


1908 Sept. SWINBURNE, JAMES, F.R.S., M.Inst.C.E., 82 Victoria Street, 
Westminster (292 Westminster]; and Woodhurst, Oxted, 
Surrey. 


1890 Oct. THompson, SILVANUS Рниллр$, D.Sc., F.R.S., Professor of Applied 
Physics and Electric Engineering, City and Guilds of London 
Technical College, Leonard Street, Finsbury, E.C.; and 
Morland, Chislett Road, West Hampstead, N.W. 


1910 Мау Тномѕом, Sir }О$ЕРН Jonn, D.Sc., F.R.S, Holmleigh, West 
1908 Mar. Road, Cambridge; and the University, Cambridge. 
as Vice-Pres. 
1888 Feb. Unwin, WILLIAM CAWTHORNE, LL.D., F.R.S., M.Inst.C.E., Hon 
M.Inst.M.E., 7 Palace Gate Mansions, Kensington, W. 


1898 July WuiTE. Sir WirLiAM Henry, K.C.B., LL.D., F.R.S., 8 Victoria 


1892 Feb. Street, Westminster, S.W.; and Cedarcroft, Putney Heath, 
as Vice-Pres. S.W. [7565 Victoria and 276 Putney.] 
1890 July 


: as Hon. Mem. ——— 


VICE-PRESIDENTS. 


A signifies—has contributed to the Transactions. 


THE MASTER CurLER, CUTLER’S HALL, SHEFFIELD. 


A1886 June ARMSTRONG, HENRY Epwarp, Ph.D., F.R.S., Professor of Chemistry, 
Central Technical College, Exhibition Road, S.W.; and 
55 Granville Park, Lewisham, S.E. 


1911 Mar. DoNarpsoN, Sır Hav FnEDERICK, K.C.B., M.I.Mech.E., Royal 
Arsenal, Woolwich ; and Wood Lodge, Shooter's Hill, S.E. 


1885 Nov. Duncan, Hon. GEORGE ALEXANDER HALDANE, M.Inst.C.E., 
Hotel Somerset, Boston, Mass., U.S.A.; and c/o Messrs. 
Southeran and Co., 37 Piccadilly, W. 


A1903 Sept. EwiNG, Sir JAMES ALFRED, K.C.B., M.A., B.Sc., F.R.S., Froghole, 
1841 Oct. Edenbridge, Kent; and Director of Naval Education, Royal 
as Hon. Mem. Naval College, Greenwich. 


1908 Mar. Се!к!Е, SiR ARCHIBALD, K.C.B., Shepherd's Down, Haslemere, 
Surrey. 

1903 Sept. GLAZEBROOK, R. T., D.Sc., F.R.S., Director of the National 
Physical Laboratory, Bushy House, Teddington, Middlesex. 
[2294 Richmond.] 


1890 Oct. GREENHILL, SIR ALFRED GEORGE, M.A., F.R.S., 1 Staple Inn, W.C. 


1908 June HapriErp, Sir Ковект A., F.R.S., M.Inst.C.E., 28 Hertford Street, 
Mayfair, W. 


1903 Sept. HOBSON, ALBERT J., Messrs. T. Turner and Co., Suffolk Works, 
Sheffield. 


1908 Dec. Kapp, GisBERT, M.Sc, Mlnst.C E. Pen-y-Coed, Prictatts 
Road, Edgbaston, Birmingham; and Professor of Electrical 
Engineering, The University, Birmingham. 


А1898 June Pyne, Sir Tuomas SALTER, C.S.I., c/o Messrs. George Allan and. 
1894 Mar. Co., 2 Broad Street Place, E.C. 
as Hon. Mem. 


List oF MEMBERS. 111, 


Elected. 


1892 Feb. КлугЕ!сн, The Right Hon. Lorp, O.M., P.R.S., M.A., D.C.L., 
D.Sc., Honorary Professor of Natural Philosophy in the Royal 
Institution; Terling Place, Witham, Essex. 


1906 July Reeves, Hon. WILLIAM PkMBER, 43 Cornwall Gardens, Ken- 


sington, W. 
1903 Sept. REyYNOLDs, OsBonNE, M.A., LL.D., F.R.S., St. Decuman's, Watchet, 
1801 Oct. Somerset. | 


as Hon. Mem. 


1898 Oct. | SaALoMoNs, Sir Davip LioNEL, Bart., M.A., 49 Grosvenor Street, 
London, W.; and Broomhill, Tunbridge Wells. 


1889 Sept. SANDERSON, FREDERICK WILLIAM, M.A., The School, Oundle, 


Northamptonshire. 
1910 Mar. TENNANT, WILLIAM Jonn, Е.СІ.Р.А., M.I.Mech.E., 43 Kestrel 
№586 July Avenue, Herne Hill, S.E. [823 Brixton] ; and Messrs. Boult, 
as Mem. Wade and Tennant, 111 Hatton Garden, Е.С. [с/о Boult, 


London. 2966 Holborn.) 


59 Feb. TesLa, Nikora, M.LE.E., Wardenclyffe, Long Island, New 
York, U.S.A. 


104 Dec. Warts, Sir Рнилр, K.C.B., LL.D., D.Sc., F.R.S., Director of 
Naval Construction, The Admiralty, S.W.; and то Chelsea 
Embankment, S.W. 


1903 Sept. Wess, Sir Aston, C.B., R.A., то Queen Anne's Gate, Westminster, 
1903 Apr. S.W. 
as Hon. Mem. 


Ld 


HONORARY MEMBERS. 
Authors of Papers are denoted by the prefix A. 


1887 April ApAMs. Henry, M.Inst.C.E., бо Queen Victoria Street, Е.С, 
(Viburnum, London. 6006 Bank.] 


1906 Dec. ÁiRD, MALCoLM R., 22 Queen Anne's Gate, Westminster, S.W. ; 
. and 3 Hyde Park Square, W. 


| А1593 June Barr, Акснівліт, D.Sc., M.Inst.C.E., Professor of Civil Engineer- 
ing and Mechanics, The University, Glasgow; Westerton, 
Milngavie, near Glasgow; and Caxton Street, Anniesland, 
Glasgow. 


№592 Mar. Beare. Тномав Норѕом, B.A., B.Sc.. F.R.S.E., Regius Professor of 
Engineering, The University, Edinburgh. 


оі Mar. Capper, Davin біхс, M.A., 17 Victoria Street, S.W.; Professor of 
Mechanical Engineering, King's College, London, W.C. ; and 
Plasgwyn, Frognal, Hampstead. 


1$yc Sept. Cooper, FREDERICK EaSTMENT, M.Inst.C.E., Messrs. Lloyd and 
Co., 2 Colman Street, Е.С. [3839 City.) 


Коо2 June Cormack, Jonn Dewar, B.Sc., Professor of Engineering, University 
College, Gower Street, W.C.; and Oakville, Castlebar Park, 
Ealing, W. 


1855 Nov. CowaRD, СЕОБСЕ, Assoc.M.Inst.C.E., Engineers' Agency, 63-64 
Chancery Lane, W.C.; Riverside, Ware, Herts; and Messrs. 
Stillwell and Sons, Pall Mall, S.W. 


1910 Aug. SUM GeEorGE, M.I.Mech.E., Messrs. Harland and Wolff, 
Belfast. 


Iv. 


Elected. 
1889 Oct. 


Атооо Feb. 


À1909 Apr. 


A1889 Sept. 


1893 June 


1908 Sept. 


А1804 Sept. 


. 1888 Oct. 
1895 Apr. 


I9II Aug. 
A1884 Dec. 
А1892 Oct. 


À1893 June 
1906 July 


A1890 June 


I9II Aug. 


1908 Feb. 
1904 June 
А1891 Dec. 


1590 July 


1891 Mar. 


1895 June 


Агоо8 Mar. 


1891 Mar. 


CTS vedi ues 


THE JUNIOR INSTITUTION OF ENGINEERS. 


CurRIE, SIR Ермомр Hay, 18 Queen Victoria Street, E.C.; and: 
Seafield Technical College, Crofton-on-Solent, Hampshire. 


DarBv, WiLLiAM Ernest, M.Inst.C.E., Professor of Engineering, 
Central Technical College, South Kensington, S.W. 


Dawson, бв А. Trevor, R.N., Messrs. 


Vickers, 
Victoria Street, Westminster, S. W. 


(70110 Gerrard. | 


Ltd, 32 


и.” 


DUNN, FREDERICK WILLIAM, presso Sig. Togroni, via Cristoforo à 
Colombo 12-6, Sampierdarena, Italy ; 15 Elmfield Road, Upper . 
Tooting, S.W.; and Messrs. Babcock, Wilcox and Co., Oriel 


House, Farringdon Street, E.C. 


Durston, Sik ALBERT JOHN, K.C.B., Vice-Admiral, R.N., 4 West- | 


combe Park Road, Blackheath, S.E. 


EIFFEL, Gustave (Past-President of the Institution of Civil Engineers 
of France), 1 Rue Rabelais, Paris. 


ELLIOTT, ARCHIBALD CAMPBELL, D.Sc., M.Inst C.E., Professor of 
Engineering, University College of 
Monmouthshire, Cardiff ; and 2 Plasturton Avenue, Cardiff. 


FELL, Jonn Corry, M.I.Mech.E., т Queen Victoria Street, Е.С. 


South Wales and : 


GATEHOUSE, Tom Ernest, М.І.МесҺ.Е., тоо Tulse Hill, S.W.;^ 


and Office of the “ Electrical Review," 4 Ludgate НШ, Е.С. ' 


(АдееКау, London. 933 Holborn.]) 
Сі.оукв, Тномаз, M.Inst.C.E., Gas Works, Norwich. 
HAwDbON, JOSEPH WILLIAM, 22 Lewisham Park, S. E. 


HEENAN, RosERT HENRY HAMMERSLEY, M.Inst.C.E.. 
Yard, Eltham, Kent. 


Court ) 


HELE-SHAW, Henry ЅЕІВвҮ, LL.D., Wh.Sc., F.R.S., 64 Victoria . 


Street, Westminster, S. W. 


Hirst, RicHarp PILLING, Assoc.M.Inst.C.E., Borough Engineer,: 


Town Hall, Southport. 


Ноі.мЕв. SIR GEORGE CHARLES VINCENT, К.С.У.О., C.B., Wh.Sc., 
Chairman of the Board of Public Works, Custom House, . 


Dublin. 


HopkKINSON, PROFESSOR BERTRAM, M.A., The University, Cam- 


bridge. 
]urrior, Henri, з Rue de Flandre, Paris. 
Кӛктімс, LEONARD, Brunestr 7, Waldhausen, Hannover. 


Lewes, Vivian Byam, Ғ.Г.С., F.C.S., Professor of Chemistry, Royal 
Naval College, Greenwich, S.E. 


Low, Davin ALLAN, Wh.Sc., M.I.Mech.E., Professor of Engineering, 


East London College, Mile End Road, E. 


MacNus, Sir Рнилр, M.P., B.A.. B.Sc., Superintendent of Techno. . 


logical Examinations, Central Technical College, Exhibition 
Road, S. W. ; and 16 Gloucester Terrace, Hyde Park, W. 


Maxim, Sir Hiram SrEVvENS, M.I.Mech.E., Ryecotes, Dulwich 
Common, S.E. 


NicoLsowN, PnorEsson Jonn T., D.Sc., M.Inst.C.E., The Municipal 


School of T ndo. Manchester; and Nant-y-glyn, Marple, 
Cheshire. 


Моктнсотт, WILLIAM HENRY, M.I. Mech.E., Hatcham Iron Works, 
Pomeroy Street, New Cross Road, S.E.; and 6 Earl's Court 
Square, S.W. (Orygen, London.) ,. 


| 


Elected, 


List of MEMBERS. Yx. 


_ 1908 Sept. PEYTEL, JoANNY, 130 Rue du Faubourg, St. Honoré, Paris. 


| 
} 


№885 Dec. “Роктев, ROBERT HEARN HENRY, 3 Whitburn Road, Lewisham, 


S.E.; and Metropolitan Water Board, Kent District, Brookmill 
Road, Deptford, S.E. [178 Deptford.) 


1908 Sept. REUMAUX, ELIE, Société des Mines de Lens, Lens, France. 
1&0 May Кісс, ARTHUR, M.A., 150 Blomfield Terrace, W. 


90 Мау RosENTHAL, JAMES Hermann, M.I.Mech E., Messrs. Babcock and 


Wilcox, Ltd., Oriel House, Farringdon Street, E.C. 


[5540 
Holborn.) 


A339 June Ross, ALEXANDER, M.Inst.C.E., Engineer to the Great Northern 


Railway, King's Cross, N.; and Kingslea, 36 Fellows Road, 
South Hampstead, N.W. 


137 April RouNTHWAITE, Henry Morrison, M.I.Mech.E., 12 Holmbush 


9 July 


Road, Putney Hill, S.W.; and L.C.C., Engineer’s Depart- 
ment, Spring Gardens, S.W. 


SCHNEIDER, EUGENE, 42 Rue d'Angon, Paris. 


‘49 Sept. SELLS, CHARLES DE Grave, M_Inst.C.E., 25 Piazza Umberto, 


| ki, Dec. 
' (4; Бес. 


Genoa. [Teleg., Sells, Genoa.) 


SMETHURST, HENRY, 60, Badlis Road, Walthamstow. 


SMITH, WILLIAM CHARLES CLIFFORD, M.Inst.C.E., County of 
London Asylums Committee Offices, 6 Waterloo Place, S.W. 
[Hystrir, London. 1466 Gerrard]; and Dudley Lodge, Spring- 
field Road, Wallington, Surrey. 


SPOONER, HENRY JOHN, M.I.Mech.E., Director of the Polytechnic 
School of Engineering. 3o9 Regent Street, W.; and 5 St, 
George's Terrace. Primrose Hill, N.W. 


. Stokes, WirrRibp, M.Inst.C.E., Messrs. Ransommes апа Rapier, 


32 Victoria Street, Westminster, S.W. (268 Westminster.) 


. SuMPNER, W. E., D.Sc., Municipal Technical School, Suffolk 


Street, Birmingham. 


TANGYE, GEoRGE, M.I.Mech.E., Cornwall Works, Soho, Bir- 
mingham. 


TANNETT-WALKER, ARTHUR, M Inst.C.E., Goodman Street Works, 
Hunslet, Leeds. 


THORNTON, JOHN MILLER, M.Inst.C.E., Bishop Street, Uitenhage, 
Cape Colony. 


TRAILL, Dr. ANTHONY, M.A., Provost, Trinity College, Dublin. 


TRAILL, WILLIAM, M.A., Giant's Causeway Electric Tramway, 
Bushmills, Ireland. 


TupsBery, JOHN Henry, D.Sc., M.Inst.C.E., Secretary to the 
Institution of Civil Engineers, Great George Street, S.W. 
[57 Westminster.) 


VAULX, Count HENRI DE LA, 120 Avenue des Champs Elysées, 
Paris. 

WALMISLEY, ARTHUR THOMAS, M.Inst.C.E., о Victoria Street, 
Westminster [Workable, London]; and Engineer to the Dover 
Harbour Board, Dover. 

WILSON, JosErH WirLiAMs, M.Inst.C.E., Principal of School of 
Practical Engineering, Crystal Palace, Sydenham, S.E. 


WORMELL, RicHARD, M.A., Roydon, near Ware. 


vi. THE JUNIOR INSTITUTION OF ENGINEERS. 


MEMBERS. 


Where two dates precede the name the first is that of admission to the Institution, 
and the date which follows is that of transference. 

Those marked thus * are past and present Officers and Members of Council. Their 
period of service 1s given at page lvi. 

Authors of Papers are denoted by the prefix A. 

Elected. 


1911 Apr. ABBEY, ARTHUR, 49 Ancona Road, Plumstead, S.E.; and Messrs. 
Boult, Wade and Tennant, 111 and 112 Hatton Garden, E.C. 
(6464 Holborn. cjo Bouit, London.] 


1902 Apr. ABLETT, NorMAN Іл.оүр, Ecole des Arts et Metiers, Bulac, Cairo, 
Egypt; and 51 Colebrooke Row, Islington, N. 


1906 Apr. Apams, PERCY WILLIAM, А.М.І.Месһ E, Car and General :. 


Insurance Co., 87 Shandwick Place, Edinburgh. 


1896 Sept. ADAMS, RICHARD PERCIVAL, 59 Park Street, Calcutta. India; 
and c/o Мг. Е. W. Adams, Wilts and Dorset Bank, Southam p- ' 
ton. 


тото July Apcock, FRANK Henry, Anderston Foundry Company, Queen 


Anne's Chambers, Westminster, S. W.; and Bonner's Farm, :. 


near Luton. Beds. (2258 Westminster. A fgasing, London.] 

1903 Nov. AIRD, JAMES, Queens Road, Hampton Hill. 

1908 Oct. AITKENHEAD, WILLIAM, Manor Cottage, Swallowcliffe, Wilts; and 
Queen Anne's Chambers, Westminster, S. W. 

1908 Apr. AivAR, Т. S. KODANDARAMA. 

1909 Feb. ALDEN, OLAF VICTOR, 42 Upper Park Road, Belsize Park, N.W. ; 


and Messrs. Waring and White (1906), Ltd., ra Cockspur 
Street, S.W. [70783 Central. ] i 


1908 Dec. ALEXANDER, CHARLES ARTHUR ROBERT, 160 Church Lane, Gorton, 
Manchester; and Messrs. Beyar, Peacock and Co., Drawing 
Office, Gorton Foundry, Gorton, Manchester. 


1910 July ALEXANDER, PETER SHARP Hystop, 43 Chancery Lane, W.C. 


1909 Nov. ALISON, ARCHIBALD, c/o P. J. Mitchell, Caxton House, Westminster, 
S.W.; and 28 Mayflower Road, Clapham, S.W. 


1909 Dec. ArLcock, УУилллм Barnes, Marsh Green House, Dagenham, 
Essex; and Stirling Telephone and Electric Co., Stirling 
Works, Dagenham. [3 Ratnham.] 


A1894 Осі." ALLINGHAM, GERALD CARLYLE, A.M.I.E.E., Tudor Accumulator 
Co., 119 Victoria Street, S.W. [2600 Victoria] ; and 18 Buck- 
ingham Mansions, Golder's Green Road, Hendon, N.W. [24 
Victoria.) 


1898 Dec. ALLsop, Joun WiLLiAM Kipston, 12 Kowdon Street, Calcutta ; 
and 49 Madeley Road, Ealing, W. 


1902 Apr. ALMACK, ALFRED, Barlow Hall, Selby, Yorks. 


1894 Oct. ALSTON, CHARLES HENRY Тномав, Letterawe, Loch Awe, 
Argyll, М.В. 


I900 Feb. Агѕтом, WILLIAM МАГМЕ, Electricity Works, West Bromwich. 


1902 Маг. AMBLER, CHARLES Henry Егеу, 25 Woodland Rise Highgate, N.; 
and Sinclair Iron Co., Ltd., 62 London Wall, E.C. 


1902 Apr. AMBROSE, Ernest, A.M.I.E.E., 11 Knight's Park, Kingston-on- 
Thames; and The Metropolitan Electric Supply Co., Rathbone 
Place Station, Rathbone Place. 


Elected. 
1908 Aug. 


1910 Oct. 


1903 Oct. 


1909 Apr. 


1909 Dec. 


1890 Dec. 


1908 Aug. 


1897 Dec. 


1899 Sept. 


1911 Sept. 


1892 Dec. 


1896 Feb. 


1907 Jan. 


1898 June 


1902 Mar. 


1904 Nov. 
1907 Aug. 


1906 Sept. 


Атоо4 Dec. 


1908 May 


List oF MEMBERS. vli. 


Amor, GEORGE WILLIAM, Thelma Villa, 123 Langdale Road, 
Thornton Heath; and Messrs. Deane and Beale, Ltd., 676 Old 
Kent Road, S.E. [c/o Superstruct, London. 204 Нор. 


ANDERSON, Davip COLVILLE, 127 Capel Road, Forest Gate, E.; 
and East Ham Corporation Electricity Works, Nelson Street, 
East Ham. 


ANDERSON, WALTER FREDERICK, India Rubber, Gutta Percha and 
Telegraph Works Co., Ltd., Silvertown, Essex. 


ANDRASSY, GEORGE FREDERICK, 23 Hamlet Road, Chelmsford; 
and Engineer and Surveyor’s Office, Bank Chambers, New 
Street, Chelmsford. (28 Chelmsford.] 


ANNETT, HENRY CHARLES, Engineer's Office, Quantity Surveyor's 
Department, London and South Western Railway, Waterloo 
Station, S.E. 


ARDING, GERALD FRANK, Malvern, Landseer Road, Sutton, 
Surrey ; and Messrs. Perreaux and Co., 3 Bury Court, St. Mary 
Axe, E.C. 


ARMISTEAD, WILLIAM REGINALD, Messrs. Bennie and Thompson, 
80 Liverpool Road, Warrington ; and 2 Lime Grove, Chorlton- 
cum-Hardy, Manchester. 


ARMSTRONG. RALPH JOSEPH, 6 Wellington Street, Swindon, Wilts ; 
and Assistant Superintendent, Great Western Railway, Loco- 
motive Department, Swindon. 


ARUNDEL, FRANK Drew, Stud.Inst.C.E., A.M.I.Mech.E., 
Elgin Mansions, Elgin Avenue, Paddington, W, 


ATKINSON, REGINALD B., Hullard Hall, Stretford Road, Manchester ; 
Messrs. Galloway's, Ltd, Manchester; and 35 Wroughton 
Road, Wandsworth Common, S.W. 


ATLEY, GEORGE WILLIAM Percy, Assoc.M.I.C.E., Engineer's 
Office, Great Central Railway, Marylebone Station, N.W. ; 
and Oakdene, Chorley Wood, Herts. 


Austin, Joun WILLIAM, County Motor Works, Chelmsford 
[Motories, Chelmsford. 11 Chelmsford] ; and Hawthorn, Holly 
Bush Hill, Snaresbrook. 


AVENT, Francis Henry, бі Grove Road, Snaresbrook, Essex ; 
and Messrs. John Aird and Sons, Belvedere Road, Lambeth, 
S.E. [562 Hop.) 

Avis, PETER STANLEY, Messrs. Maxted, Knott and Coles, Burnett 
Avenue, Hull. 

Ayres, ALBERT ORLANDO, 4 Keslake Road, Queen's Park, W.; 
and Messrs. R. B. Grantham and Son, 5 Little College Street, 
Westminster Abbey, S.W. (2523 Victoria.] 


Вли.ву, G&goRGE, Boomassee Gold Mines, West Africa. 
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BAINES, ARTHUR CAPEL VALENTINE, P.O. Thebus, Cape Colony, 
S.A. 

Bains, THOMAS Тлугов, The Surveyor, Rural District Council of 
Shields, Shields. 


Baker, RoBERT, 57 West Kensington Mansions, S.W.; Kowloon 
Canton Railway, British Section, Assistant Engineer's Office, 
Kowloon, China. 


Baker. УУпилллм Ernest, Projectile Co., Ltd. (1902), New Road, 
Wandsworth Road, S.W. [Profetus, London. 317 Нор. 


Vill. 


Elected, 


1907 Mar. 


1910 Jan. 


1907 Mar. 


1906 Dec. 
1908 Dec. 


1908 Apr. 


1905 Mar. 


1011 Feb. 


1909 July 


1903 Sept. 


I9II July 


1907 Feb. 


1907 May 


1907 Mar. 


1904 Nov. 


1011 Jan. 


1907 Feb. 


1906 Jan. 


1904 Nov. 


1902 Dec. 


1907 June 
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BALL, ALFRED Joun, Stud Inst.C.E., 42 Atlantic Avenue, Belfast ; 
Messrs. J. and E. Hall, Messrs. Harland and Wolff's Shipbuild- 
ing Yard, Belfast; and Messrs. J. and E. Hall and Co., 
Dartford. 


BALL, ARTHUR FRANKLIN, 50 Westover Road, Wandsworth, S.W. ; 
and Gas Works, Wandsworth. 


Barr, Percy, 21 Elmwood Road, Herne Hill, S.E. 


BALLANTYNE, WILLIAM HENRY, B.Sc., F.C.S., 17 Westmell Road, 
Streatham, S.W.; and Messrs. Boult, Wade and Tennant, 
ііі Hatton Garden, Е.С.  (Boult, London. 6424 Holborn.] 


BALLANTYNE, WILLIAM Mvyrks Howanp, c/o Mrs. Maccleve, 193 
Main Street, Niagara Falls South, Ontario, Canada; Engineer- 
ign Department, Canadian General Electric Co., Ltd., Toronto ; 
and 15 Frankfurt Road, Herne Hill, S.E. 


BANFIELD, HENRY Epwin, 93A Ealing Park Gardens, Ealing 
Park, S. Ealing; and Messrs. Marshall and Wocds, 19 Park 
Road East, Acton, W. 


BARBER, CHARLES PHILIP, 179 High Street, Plumstead, Kent; апа 
Messrs. Vickers, Ltd., 32 Victoria Street, S.W. 


BARBER, WILLIAM Epwarp, Assoc.M.I.Mech.E., Car Department, 
Canadian Pacific Railway, Montreal, Canada; and 4 Macoma 
Terrace, Plumstead, Kent. 


BARNICOAT, WILLIAM JAMES, Royal Devon and Exeter Hospital, 
Exeter. 


Barron, SYDNEY ERNEST, 3 Boundary Road, Notting Hill, W. 
(1123 Hammersmith]; and 19 Strensham Hill, Moseley, 
Birmingham. 


Barson, Joun, 4 Marney Road, Clapham Common, S.W.; and 
Messrs. Spiers and Pond, Battersea Park, S.W. 


BaRTLETT, JAMES, The Rest, Commercial Road, Woking: and 
Messrs. Bartlett and Ross, 17 Fleet Street, Е.С. (8074 Central.) 


Barwick, Horace JOHN, Technical Institution, Abeokuta, West 
Africa; and Compton Villa, Compton, Plymouth. 


BassETT-LowkEF, WENHAM JOSEPH, 13 Kingswell Street, North- 
ampton; and Messrs. W. J. Bassett-Lowke and Co., 20 Kings- 
well Street, Northampton. 


BAXTER, FREDERICK GEorRGE, Stud.Inst.C. E., 11 High Street, 
Gravesend ; and Associated Portland Cement Mfg. (1900), Ltd., 
Park House, Gravesend, Kent. (7 Dartford, 5 Gravesend, 
Rotary, Gravesend.) 


BAYDEN, LAURANCE FRANK, с/о The Assam Railways and Trading 
Co., Ltd., Debrugarh, Assam ; 17 Glenshiel Road, Eltham Park, 
Eltham, S.E. 


Bay Lis, Percy, Assoc. M.Inst.C. E., 39 Victoria Street, Westminster, 
S.W. (3072 Gerrard} ; and Richmond House, Panmure Road, 
Sydenham, 5.Е. 


BAZIRE, ACHILLE; с/о Lord Justice Fletcher Moulton, 57 Onslow 
Square, S.W. [7960 Kensington.] ; and 137 Fulham Road, S.W. 


BEAL, ALFRED CHARLES, 159 Tulse Hill, S.W.; and Messrs. Edwd. 
Deane and Beal, Ltd., 676 Old Kent Road, S.E. [204 Hop.] 


Braven, CHARLES, 26 Bridge Avenue, Hammersmith, W.; and 
Robertson Electric Lamp Co., Brook Green Works, Hammer- 
smith, W. [27 Hammersmith.) 


Elected. 
A1889 Oct. *Весктом, WILLIAM RUsHWORTH, 23 St. Fillair's Road, Catford, 


Lisr or MEMBERS. IX. 


S.E.; and The Paterson Engineering Co. Ltd., Amberley 
House, Norfolk Street, Strand, W.C. [6560 Gerra:«d.] 


1909 June BEDFORD, JEREMIAH 5сактн, Redthorne, 97 The Avenue, Higham's 


1903 


1904 


1907 


1907 


1907 


1902 


1897 


1911 


1907 
1905 
1904 


1900 


1904 


1901 


1901 


1894 


1906 


1910 


Sept. 


Dec. 


Aug. 


Aug. 


Aug. 


Jan. 


May 


May 


Aug. 


Oct. 
Oct. 


May 


Dec. 


Sept. 


Mar. 


Oct. 


Sept. 


Jan. 


Park, near Chingford, Essex; and Messrs. James Keith and 
Blackman Co., Ltd., 4434 Holloway Road, N. (Ventilator, 
London. 3131 North.) 


Bett, CHARLES Вокмву, Public Works Department, Henzada, 
Burmah ; and 3 Campden Hill Square. W. 


BENNETT, ALFRED Harvey, Stud.I.E.E., зо Essex Road, 
Enfield; and North Metropolitan Electric Power Supply 
Co., Electricity Works, Enfield. (22 Enfield.] 


BENTALL, ANTHONY Frank, Holts, Upper Mildmay Road, 
Chelmsford; and London County Council Tramways, 62 
Finsbury Pavement, E C. ([Lotram, London 1 


BENTALL, CHARLES, 364 Tenth Avenue West, Vancouver, British - 
Columbia; J. Cougblan and Sons, Vancouver; and Holts, 
Upper Mildmay Road, Chelmsford. 


BENTALL, І.комакр, “ East Lynne,” 23 Beedell Avenue, Westcliff-on- 
Sea; and Messrs. McEwan, Pratt and Co., Ltd., Wickford, 
Essex. 


BEgNvoN, GEORGE ALFRED, 31 Abbey Walk, Halifax; and 
Corporation Electricity Works, Halifax, Yorkshire. 


BERGMANS, GEORGE Murison, т Buckland Crescent, Belsize Park, 
N.W.; and Messrs. Hobbs апа Bergmans, 5 Copthall Buildings, 
E.C. 

Berk, FREDERICK WILLIAM, Fairview, Irvine Road, Kilmarnock, 
N.B.; and Messrs. Glenfield and Kennedy, Ltd., Kilmarnock, 
N.B. (66 P.O. Central, Glasgow; Glenfield, Kilmarnock.) 


Bernon, Maurice, бг Talbot Road, Bayswater, W 
BERTRAM, HERMAN WESTON, 65 Mount Street, Old Charlton, Kent. 


BiLiorri, Epwarp M., 5 Chareh el Antikklana, Ismailich, Cairo, 
Egypt; and rro Shepherd's Bush Road, W. 


Вилотті, FRANK, M.I.E.E., 5 Chareh el Antikklana, Ismailich, 
Cairo, Egypt; and r1o Shepherd's Bush Road, W. 


BINGHAM, ARTHUR, Airedale Villa, 102 Markham Avenue, Hare- 
hills, Leeds; Messrs. J. Day and Sons, Leeds; and 49 Ropery 
Road, Gainsborough. 


Brack, Јонч Fraser, Clifton Terrace, Darlington; and 
National Boiler and General Insurance Company, 22 St. Anne’s 
Square, Manchester. 


:BrAcKkBEARD, DupLey Donatp, Post Office, Veerfontein, via 


Klerksdorp, Transvaal. 


BLAKENEY, STEPNEY EpwarpD, 24 Old Deer Park Gardens, 
Richmond, Surrey; and Engineer's Office, London and North 
Western Railway, 26 Harley Road, Harlesden. 


Brock, EpwiN Hences, 21 Penwortham Road, Streatham, S.W.; 
and Messrs. Clark and Standfield, 11 Victoria Street, S.W. 
(579 Westminster. ] 

Воссоѕт, ALFRED EDWARD, 22 High Brow, Harbome, Birmingham ; 
and Muntz Metal Co., Ltd., French Walls, near Birmingham. 
(745 Smethwick.] 


X. 


Elected. 


THE JUNIOR INSTITUTION OF ENGINEERS. 


1909 June Botton, Henry, M.I.Mech.E., 171 Queen's Road, Wimbledon. 
A189o Aug. “Воот, JAMES NoEL., Wh.Ex., M.I.Mech.E., Rathgar, Woodwarde 


1906 Mar. 


1903 Feb. 


Road, Dulwich, S.E.; and Worthington Pump Company, 
153 Queen Victoria Street, E.C. (Pumping, London. 301 Bank.) 


Воотн, SEYMOUR, 25 Victoria Street, Westminster, S.W. [4475 
Gerrard] ; and 40 St. Peter's Square, Hammersmith, W. 


BootHroyb, ALFRED Warrs, Colne Lodge, Lexden, Colchester, 
Essex ; 9 The Circus, Greenwich, S.E.; c/o Mr. H. W. Bawber, 
25 Ryder Street, W. ; and 35 Morton Terrace, Gainsborough. 


А:906 June Воот, Eric Francis, G.I.Mech.E., Polack Tyre and Rubber Co., 


I909 Jan. 
I905 Oct. 


A1888 Dec. 


1909 Dec. 


1910 Nov. 


18a5 Feb. 
1908 May 


1900 Nov. 
1905 Feb. 


189o Sept. 


1908 Feb. 


1011 Feb. 
1903 Oct. 


1902 Oct. 


1395 April 


1902 Apr. 
1902 Dec. 


1899 Feb. 


1908 Jan. 


Ltd., 31 Basinghall Street, Е.С.; 28 Post Office Chambers, 
Pitt Street, Sydney; Box 649, С.Р.О., Sydney, Australia; and 
8 Downe Terrace, Richmond, Surrey. 


BOURNE, ARTHUR, 14 Baskerville Road, Wandsworth Common. 


Bowen, CHARLES Henry C., Assistant Engineer, c/o Southern 
Mahrattan Railway, Dharwhar, India; and c/o Rev. E. Bowen, 
Thrybergh Rectory, near Rotherham, Yorkshire. 


*BowEN, PERCY GENTRY, 40 Pembroke Road, Seven Kings. 


Bowie, Percy Скоксе, Stud Inst. C. E., Indented Bar Co., Queen 
Anne's Chambers, Tothill Street, Westminster; and Starston, 
Horsell, near Woking. 


Bown, Joun Eums, 49 Highfields Road, Salttey, Birmingham ; and 
The Wolseley Tool and Motor Car Company, Adderley Park, 
Birmingham. 

BowTELL, WILLIAM JOHN, Messrs. Ransomes and Rapier, 32 Victoria 
Street, S.W. [565 Westminster. ] 


BRADLEY, WILLIAM ADDISON, London and River 
Buenos Ayres ; and Chapel Hill Lodge, Margate. 


BRANSTON, CHARLES ALBERT, 20 Trinity Street, Cambridge ; 
Trinity College, Cambridge; and Khederoord Castle, De 
Steeg, Holland. 

Bray, GEORGE JoHN, Mayfield, Greenway Road, Taunton, 
Scmersetshire; and Londsdale, Yale, R.S.O., Gloucestershire. 


Bray, Herpert Paine, Grad Inst. Mech. E., Loco. Dept., Schmidt's 
Superheating Co., Ltd., 28 Victoria Street, S.W. [1555 
Victoria] ; 2 Fulton Villas, Boundary Road, Wood Green. 


BREARLEY, CHARLES ARNOLD, c/o Iran Ainer, 94th Gross, Berlin; 
and 25 Second Avenue, Halifax. 

BREESE, JOHN, 85 Birchanger Road, South Norwood; and Messrs. 
Thomas Tilling. I.td., Motor Department, Peckham, S.E. 
BREMER, WILFRID ERNEST, Crosby Lodge, 2 Trinity Road, Tulse 

Hill, S.W.; and Messrs. J. Stone and Co., Deptford. 


*Briecs, CHARLES TENNANT, 77 Stonelaw Drive, Rutherglen; and 
Messrs. A. R. Brown, McFarlane and Co., Ltd.. 19 St. Vincent 
Place, Glasgow. 


Plate Bank, 


Brock, HERBERT Jostas. 


BroMLEY, Нкввевт Epwin, 20 Halons Road, Eltham, Kent; 
and Engineer's Office, South Eastern and Chatham Railway, 
London Bridge, S.E. 


Brooxs, СЕОЕЕВЕХ, Assoc.M I.Mech.E., 140 West George Street, 
Glasgow ; and Laleham Lodge, Clapham Park, S.W. 


Brown, JoHN James Миввіт, 19 Princes Road, South Norwood, S.E., 


Elected. 


1901 Sept. 


1907 May 


1902 May 
1893 Mar. 


1909 Oct. 


1909 Feb. 


I9o6 Oct. 


А:898 Feb. 
1905 Feb. 


1902 Dec. 


18go Dec. 


1905 June 


1909 Oct. 


1596 


1903 Mar. 


I909 Feb. 


A1go5 June 


1895 Jan. 
1908 Aug. 


А1902 Dec. 


Sept. 


List ОЕ MEMBERS. xl. 


Brown, Francis ARTHUR, Chipping Sodbury, Gloucestershire ; 
and Engineer’s Office, Great Western Railway, Chipping 
Sodbury, Gloucestershire. 


Brown, PuiLiP Рассотт, Assoc.M.Inst.C.E., 415 Pacific Buildings, 
Vancouver, British Columbia, Canada; 1038 Pacific Street, 
Vancouver, B.C., Canada; and 19 Fairholt Road, Stamford 
Hill, N. 


Brown, THOMAS WILLIAM, Messrs. Vickers, Ltd., The Broadway, 
Westminster; and 591 Old Kent Road, S.E. 


Brown, WILLIAM Davip Seton, The Lodge, Park Drive, Golder's 
Hill, N. W. 


Brown, WirriAM Henry, Stud Inst C.E., Glaslyn, Western Road, 
Sutton, Surrey; and Sanitary Dept., Croydon Rural District 
Council, Katharine Street, Croydon. 


BROWNE, MALCOLM Frank, Third Engineer, S.S. “ Ecuador," c/o 
The Agent, Pacific Steam Navigation Company, Panama, 
South America ; and Iona, Audley Road, Hendon, N.W. 


BRUNNING, ERNEST JOHN, Canada Cement Co., Plant No. r, 
Montreal, P.Q., Canada; and 21 Melville Road, Barnes, S.W. 


*BuLLock, GEORGE Tuomas, A.I.E.E.,61 Leigham Vale, Streatham, 
S.W.; and Chief Surveyor, Union Assurance Society, Ltd., 
т and 2 Royal Exchange Buildings, Е.С. [2980—1—2 London 
Wall.) 


Вокметт, FRANCIS CHARLES Epwarp, Canada Cement Company, 
Montreal, Canada; and 27 Crockerton Road, Upper Tooting, 
S.W. 


Burrow, LEOPOLD ARTHUR, 113 Amesbury Avenue, Streatham 
Hill, S.W.; and Office of Inspector-General of Fortifications, 
War Office, Whitehall, S. W. 


Вовтом, WALTER FRANK, The Car and General Insurance 
Corporation, 1 Queen Victoria Street, E.C. 


Вотснек, Ермім Скоксе, Beulah, Campbell Street, Kirritille 
Point, Sydney, New South Wales; and Existing Lines Office, 
Government Railways, Bridge Street, Sydney, New South 
Wales. 


BurcHER. EDWARD RICHARD, 22 Sundridge Road, Addiscombe, 
Croydon, S.E.; and c/o Messrs. Chubb, 128 Queen Victoria 
Street, E.C. [5305 Bank.) 


Burrgn, Henry Laurence, с/о Mr. А. S. E. Ackermann, 25 Victoria 
Street, S.W. ; and 18 Gayton Road, Hampstead, N.W. 


BurLER, JOHN CHARLES, r3 Chandos Avenue, Oakleigh Park, 
Whetstone, N.; and c/o Messrs. Joseph Westwood and Co., 
Napier Yard, Millwall, E. (Westwood, London. 1066-7 East.) 


BYLANDER, SVEN, 44 Longridge Road, Earl's Court, S.W.; and 
Building Construction Co., Ltd., 1a Cockspur Street, W. 
[70783-4 Central. ] 

CALDER, Носн, Messrs. Firth and Sons, 8 The Sanctuary, S.W. 
(5631 Gerrard] ; and 16 Streatham Place, Brixton Hill, S.W. 


Paut АрогрнЕ (Comfounded for Subscriptions), 4 Rue 
(68070 Paris. Vieira, Parts. | 


CANNING, GEORGE, 5 Farnaby Road, Bromley, Kent; and The 
Clayton Ventilating Co., 22 Craven Street, Charing Cross, 
W.C. [3282 Gerrard.) 


CANET, 
Richard Wagner, Paris. 


xii, 


Elected. 


THE JUNIOR INSTITUTION OF ENGINEERS. 


1904 Jan. CARPENTER, GILBERT WAKEFIELD, 8 Grange Avenue, Scarborough. 


1905 June 


1907 May 


1903 Apr. 
1906 Feb. 


1902 May 
1899 May 


1907 Apr. 


1899 Feb. 


1907 Aug. 


1888 Sept. 


А1905 June 
1905 Mar. 


1886 July 
1909 Nov. 


1906 May 
1906 Dec. 


1904 Apr. 


1897 Sept. 


1904 Dec. 


1906 May 


1902 Apr. 


CaRTER, Накоһр WILLIAM AUGUSTUS, Surveyor's Office, Town 
Hall, Matlock Bath. 


CARTWRIGHT, LEONARD Jack, 80 Mayford Road, Balham, S.W. ; 
and Metropolitan Water Board, Southwark Bridge Road, 
SE 


CATTERSON, CyRIL ETHELBERT, 80 Barcombe Avenue, Streatham 
Hill, S. W. ; and Central London Railway, Power Department. 


САТТЕЕУ, Louis MoNTMORENCY, 21 Pencisely Road, Canton 
Cardiff; and Road Power Station, Newport Road, Cardiff. 


CAUSTON, GEOFFREY THEODORE, Maltby, near Rotherham. 


*CHABOT, VINCENT Howanp, С I. Mech.E., Engineer's Office. South 


Indian Railway Co., Trichinopoly, Madras, India; and Osborne 
House, Selhurst. 


CHANNON, HENRY CHARLES, Greystead, Belmont Road, Reigate ; 
and Telegraph Construction and Maintenance Co., 18 Wharf 
Road, М. (Guttapercha, London.] 


CHAPMAN, JAMES, Box 619, Johannesburg ; c/o Messrs. Fraser and 
Chalmers, Ltd., P.O. Box 1065, Johannesburg, S.A. 


CHAPPELL, JOHN WILLIAM, Sutton Poyntz, Weymouth; and Wey- 
mouth Water Works, Weymouth. 


CHATFIELD-CLARKE, LesLie, M.I.Mech.E., Brooklyn, Wootton 
Bridge, Isle of Wight. 


CHATLEY, НЕквект, B.Sc., Tong Shan Engineering College, Tong 
Shan, North China, via Siberia; and 13 Park Street, Regents 
Park, N.W. 


Сивттіе, CHARLES FREDERICK, 123 Warwick Street, S. W. ; and 
Messrs, A. P. Dawnay and Sons, Steelworks Road, Battersea, 
S.W. (1095 Battersea.] 


Сни.о, Harry 5нау/, Horn's Oak, Meopham, Kent. 


Сновв, Bertram JosEPH, Isca Ville, Rushbrooke, near Queens- 
town, Ireland; H.M. Dockyard School, Haulbowline; and 36 
Connaught Road, North End, Portsmouth. 


CLARE, GEORGE ERNEST, 52 Russell Road, Wimbledon, Surrey. 


CLARK, ARTHUR, L.C.C. Pumping Station, Abbey Lane, Stratford, 
E.; and London Fire Brigade, Southwark Bridge Road, S. E. 


CLARK, FRANK WILLIAM, Assoc. M.I. Mech.E.. c/o Messrs. Samuel 
Cutler and Sons, 39 Victoria Street, S.W.; and 24 South 
Street, Greenwich, S.E. 


CLARKE, CHARLES AUDLEY, B.E. Assistant Engineer, Bengal- 
Nagpur Railway, c/o Messrs. Thos. Cook and Son, Calcutta, 
India. 


CLAYTON, FRANK, Cadogan Lodge, Worcester Road, Sutton; and 
Messrs. Davis and Bennett, 944 Horseferry Road, Westminster. 
(677 Westminster. ] 


Crayton, Howarp Gay, Hydraulic Department, North London 
Railway, Poplar, E.; and 47 Parkholme Road, Dalston, N.E. 


CLENCH, Epwarp CLAUDE, The Aster Engineering Co., Ltd., 
Wembley, Middlesex; and The White House, Roundwood 
Park, Willesden. 


Elected. 
1904 June 


1905 Feb. 


1910 Feb. 


1009 Oct. 


1902 Apr. 


1896 Feb. 


1898 Dec. 


1907 Jan. 


1905 Feb. 


1889 Dec. 


1899 Sept. 


À1907 Jan. 
1907 Apr. 
1908 Apr. 


тото Dec. 


1902 Mar. 


1888 May 


List or MEMBERS. xlii. 


CLIFT, Сеоксе Epwarp, Hillbank, Redington Road, Hampstead, 
N.W.; and General Motor Cab Co., Ltd., Brixton Road, S.W. 
[3225 Hof] | 


CroupEsrEv, JOHN LEsLIE, Jun.. Messrs. Duckham and Cloudes- 


ley, Ltd, 189 Palace Chambers, Westminster, S.W. (203 
Westminster.] 
Соскек, THomas CYRIL, 555 Pitsmoor Road, Sheffield; and 


Electrica! Department, Messrs. Vickers, Sons and Maxim, 
Sheffield. 


Соскзнотт, FRANK WILLIAM, М.А. (Camb.), тоо Maryon Road, 
Old Charlton, Kent; and Royal Laboratory, Royal Arsenal, 
Woolwich. 

Core, CHARLES Eric, Assoc.M.I.Mech.E., 42 Waterdale, Don- 
caster; Woodland Cottage, Chelsfield, Kent; and Assistant 
Inspecting Engineer, london, Brighton and South Coast 
Railway, Brighton. 


Core, CHARLES Heny, Assoc. M.Inst.C.E., Civil Engineer, Н.М. 
Dockyard, Chatham. 


Соц, WILLIAM CHARLES, 44 Wykeham Street, Strood, Rochester ; 
and Electrical Power Station, H.M. Dockyard, Chatham. 


Согввкоок, WILLIAM HENRY FREDERICK, 8 Maldon Road, 


Watford. 


Corrius, RoBERT Hayes, Assoc.M.Inst.C.E., 13 Sherard Gardens, 
Eltham, Kent; and South Metropolitan Gas Co., 709 Old 
Kent Road, S.E. 


CoLris, Joun Henry, Jun., c/o Messrs. J. Collis and Sons, 42 and 
43 Regent Square, King's Cross, W.C.; and 8 Addison Villas, 
Goldsmith Road, New Southgate. 


CorsoN, JOHN KINGSLEY, 8 Blechynden Terrace, Southampton. 


CoMBER, STAFFORD XAVIER, Brown's Station, New York, U.S.A. 


Conn, WILLIAM JOHN, Executive Engineer, B.S. Railway, Billi- 
mora, India; Beaufort, British North Borneo, via Jesselton ; 
and Civil and Railway Engineer, British North Borneo State 
Railway, British North Borneo. 


Cook, Freperick WILLIAM, Grad.I.Mech.E., 75 Eastbourne Тег: 
race, Gainsborough; and Thermo and Pressure Instrument 
Company, Gainsborough. 

Cook, GerorGeE Henry, Trafalgar House, Rodenhurst Road, 
Clapham Park, S.W.; and Lion Works, Gosford Street, West 
India Dock Road, E. 


*Cook, Henry, 49 Boyne Road, Belmont Hill, Lewisham, S.E. ; and 


Metropolitan Water Board, Kent District, Brookmill Road, 
Deptford, S.E. (178 New Cross.] . 


1300 July “Сооке, SIpNry Місток, 23 Stockwell Green, S.W.: and с/о Mr. 


А1806 Jan. 


À1890 Dec. 


Dugald Clerk, 6 Featherstone Buildings, High Holborn, W.C. 


Cooper, WILLIAM James, A.M.I.Mech.E., Bourne House, 
Whyteleafe. Surrey; and the Lift and Hoist Department, 
British Engine, Boiler and Electrical Insurance Co., Ltd., 12 
King Street, Manchester. [Longridge, Manchester. 7157 Central.] 


Cooper, WILLIAM Ranson, M.A., 113 Tulse Hill, S.W. (675 
Brixton]; and 82 Victoria Street, SSW. (292 Westminster.) 


xiv. 


Elected. 
1907 Oct. 
1907 Oct. 


1904 Dec. 


I904 Dec. 
I908 Apr. 


1805 Mar. 
I908 Aug. 


I907 Nov. 
1900 Oct. 
1907 Jan. 
I908 Apr. 
1902 Dec. 


1908 July 
1895 Jan. 


1895 Jan. 


1000 Apr. 
1899 May 
1908 Mar. 


1897 Jan. 


1906 Nov. 


THE JUNIOR INSTITUTION OF ENGINEERS. 


CORREA, RAYMOND. 


COSTIGAN, JosePH CHARLES, 3 Tadmor Villas, Shepherd's Bush ' 
and Ducros Mercedes, 132-6 Long Acre. (Trueness, London. 
278 Gerrard.] 


COTTON, CHARLES GEoFFERY, Assoc. M.Inst.C. E., Engineer's Dept. 
Antofagasta and Bolivia Railway Company, Antofagasta, Boli- 
via, South America ; and 5 Walpole Gardens, Chiswick, W. 


Coventry, HENRY James, Grad.I.Mech.E., 346 High Road, 
Tottenham, N.; and c/o Mr. C. F. Hart, Chief Engineer, 
Associated Newspapers. Ltd. (Daily Mail), Room 168, Carmelite 
House, Tallis Street, Е.С. [6000 Holborn. ] 


Cowan, ANDREW WaLLacE, Brauch Mohr, Vanbrugh Fields, 
Blackheath, S. E. ; and Messrs. Redpath Brown and Co., Ltd., 
Riverside Works, East Greenwich, S.E. [Redpath, East Green- 
wich. 230 and 231 Deptford.) 


Со\рЕКОУ, WILLIAM, 7 Gloucester Road, Brighton. 


CoweE Lt, Harry, 43 Crescent Road, Upton Manor, Е.; and с/о Mr. 
J. Sainsbury, 11-15 Stamford Street, Blackfriars, E.C. 


CowEN, SAMUEL, с/о L. Welk, 1773 E, то Street, Suite 6, Cleve- 
land, Ohio: The North Electrical Co., 408 St. Clair Avenue, 
Cleveland, Ohio; and 2 Melton Street, Euston Square, N.W. 


CowriNG, CHARLES ERNEST, 197 Inderwick Road, Hornsey ; and 
The Westinghouse Patent Bureau, Westinghouse Building, 
Norfolk Street, Strand, W.C. (3267 Gerrard. ] 


Cox, WILLIAM JAMES, 24 Speldhurst Road, South Hackney, М.Е. ; 
and Fire Engineering Department, Messrs. Newton, Chambers 
and Co., Ltd., Brook House, 10-12 Walbrook, E.C. [5496 
London Wall. Accolade, London.) 


СвлввЕ, FREDERICK JOHN, B.Sc. (Eng) 7 Neptune Terrace, 
Sheerness, Kent ; and H.M. Dockyard, Sheerness, Kent. 


Скоар, ALFRED Кміснт, M.I.E.S, ЕС.ТРА., 77 Clarkston Road, 
Cathcart, Glasgow [469 Langside]; and Welltown, Greenock 
Avenue, Old Cathcart, Glasgow. 


Croft, Суки. Murton, 65 Howard’s Lane, Putney, S. W.; and 
Commercial Gas Co., Stepney. 

Crow, Lewis, M.I.Mech.E., с/о Mr. H. M. Rogers, 70 Merchants’ 
Exchange, Cardiff. 

CRowrER, GEORGE Epwarpb, Haslemere Villa, Oxted Road, 
Godstone, Surrey; апа  Riber, Auckland Hill, West 
Norwood, S.E. 


CuNLIFFE, Том ARTHUR, Аѕѕос. M.I.Mech. E., 41 Howard's Lane, 
Putney, S.W.; and 88 Chancery Lane, W.C. (74486 Central.) 


CunRIE, EpMuNp Hay, via y Obras, F.C.B.A.P, Mendoza, 
Argentina ; and Rose Cottage, Swallowfield, Berkshire. 


CunniE, JOHN Henry, Paddington Technical Institute, Saltram 
Crescent, W.; and 6 Radnor Road, Brondesbury, W. 


Curry, ARTHUR Epwarp, 2 Burntash Lane, Bromley, Kent; and 
Messrs. Ledward and Beckett, Ltd. 11 Tothill Street, 
Westminster, S.W. 


Curror, WILLIAM E. F., 3 Queen's Gardens, Ilford, Essex ; and 
India Rubber, Gutta Percha and Telegraph Co., Ltd., Silver- 
town, E. 


Elected. 


1894 Nov. 


1900 Jan. 


А891 Jan. 


1909 Apr. 
1902 Apr. 


A1890 Dec. 


Атооо Dec. 


1910 May 
1002 Dec. 


1592 Dec. 


1909 Feb. 


M889 Oct. 


1907 Mar. 


1904 Nov. 


A1888 Dec. 


1908 Oct. 


1898 Oct. 


1906 Dec. 
1886 Oct. 


1897 Jan. 


List oF MEMBERS. XV. 


CUTLER, ERNEsT Epwarp, Providence Iron Works, Millwall, E. ; 
and 6 Marlborough Road, Lee, S.E. 


CUTLER, GEORGE BENJAMIN, Jun., G.I.Mech.E., 23 Craigerne Road, 
Blackheath, Kent; and Messrs. Samuel Cutler and Sons, 
Providence Iron Works, Millwall, E. (59 East.] 


*CUTLER, SAMUEL, Jun. M.I.Mech.E., 39 Victoria Street, S.W. 
[9492 Gerrard; 126 Ashley Gardens, Victoria Street, S.W. 
[275 Westminster.) 


DAGNALL, REGINALD FOSTER. 


DANIELL, Егрмакр JAMES, ro Upper Tollington Park, Finsbury 
Park, N.; and Messrs. D. M. Fox and Sons, Alderman's 
House, Bishopsgate Street, Е.С. [1553 London Тай.) 


DavipcE, HENRY Tuomas, B.Sc., Wh.Sc., МІЕ.Е., 2 Kidbrook 
Park Road, Blackheath, S.E.; and Professor of Electrical 
Engineering, Ordnance College, Red Barracks, Woolwich. 


Davies, Davin Tupor, c/o Deputy Chief Engineer, Surveys and 
Construction, South Indian Railway, Trichinopoly, South 
India; Sunny Hill, Llanbadarn Road, Aberystwyth. 


Davies, Ruys, с/о Mr. C. J. Davies, Highcroft, Montreal West, 
Montreal, Canada. 


Davis, FREDERICK GEORGE, The Admiralty, 21 Northumberland 
Avenue, Charing Cross, W.C. | 


DAWBARN, REGINALD Proctor, А. М.1.Месһ.Е. Talleres via 
y Obras, Palmira, F.C.B.A.P., Republica Argentina; and 16 
Forest Drive, Leytonstone, Essex. 


Dempsey, GERALD, B.Sc., Eng. (London), 4 Elm Road, Romford 
Road, Forest Gate; and Messrs. Abram Lyle and Sons, Ltd., 
Plaistow Wharf, Victoria Docks, E. (1626 East.) 


*DEMPSTER. HERBERT GEORGE, Ássoc.M.Inst. CE.; Private Bag, 
Nelspoint, Transvaal; and Box до, Richmond, Natal, South 
Africa. 


DENSLEY, ARTHUR REGINALD, I Linden Grove, Dewsbury Road, 
Leeds. 


DENTON, WaLTER RICHARD, 109 Heathwood Gardens, Charlton; 
and Messrs. W. T. Henley's Telegraph Works, North Woolwich. 
[603 East.) 


DEVILLE, Мавтіх, Wh.Ex., Assoc. M.Inst.C.E., Ardlui, Fairdene 

Road, Coulsdon, Surrey; and Superintendent Engineer, 

. General Liability Department, Ocean Accident and Guarantee 
Corporation, до Wilson Street, Е.С. (1446 London Wall.) 


Dewar, FREDERICK CHARLES SWANSTON, Barn Craig, 24 Spencer 
Road, Spencer Park, Wandsworth Common, S. W.; and The 
Dairy Supply Co., 28 Museum Street. [7078 Gerrard.) 


DEgwvNTER, GEORGE Francis. Assoc M.I.E.E., 160 Kingsway, 
Ponder’s End, N.; and North Metropolitan Electric Power 
Co., Brimsdown, N. 


Dickson, ANDREW JAMES, 25 Dyson Road, Leytonstone, E. 


*DicKINSON, Ермім GEORGE, 67 Queen's Road, Beckenham, Kent; 
and Gas Works, Lower Sydenham, S.E. 


CHARLES WiLLIAM, Assoc.M.Inst.C.E., 120 Thornlaw 


DIMES, 
[1304 Streatham. Dimesengt, 


Road, West Norwood, S.E. 
London.) 


xvi. 


Elected. 
I905 June 


I9II Apr. 


1906 June 


1001 May 


1890 Dec. 


1895 Oct. 


1909 Apr. 


THE JUNIOR INSTITUTION OF ENGINEERS. 


Dopp, GERALD Sutton, 5 Cardigan Road, Richmond Hiil; and 
Metropolitan Water Board, Engineer's Department, Savoy 
Court, Strand, W.C. 


DoucGLa4s, WirLiAM Эторракт, 6 Spence Hill, Wimbledon; and 
Douglas Wharf, Putney, S.W. (242 Buttersea.] 


Downes-SHaw, ARCHIBALD HaverGAL, 174 Marsland Road, 
Brooklands, Cheshire; and Kettleston Kectory, Fakenham, 
Norfolk. 


Dowson, Ernest A., бо Streatham Hill, S. W.; and 45 Newhall 
Street, Birmingham. 


Draycott, СкоксЕ Epwin, A.M.I.Mech E.. Bracondale, Sylvan 
Avenue, Hornchurch, Essex; and Borough Road Polytechnic 
Institute, S. E. 


Drory, Percy Кіснакр, Molkestrasse, 61, Stettin, Germany, Chief 
Engineer, Stettiner Chamotté-Fabrik Actien Gessellschaft, 
Vormals Didier, Strettin. 


Dunn, REGINALD WILLIAM, Drawing Office, Messrs. W. H. Allen 
and Co., Bedford ; and 28 Danby Road, East Dulwich, S.E. 


А1884 Dec. *DuNN, WarrER Тномав, F.C.I.S. (Compounded for Subscriptions), 


39 Victoria Street. Westminster, S.W. [912 Victoria.]; and 
9 Wavertree Road, Streatham Hill, S. W. 


A1891 Aug. *DURHAM, Frank Rocers, Assoc.M.Inst.C.E. (Compounded for 


1000 Nov. 


Subscriptions), Fairholm, Salcombe, South Devon. 


Dyson, HERBERT WILLIAM CHARLES Kempton, Greenlawn, Kew 
Road, Richmond, Surrey; Concrete Institute, Denison House, 
296 Vauxhall Bridge Road, Westminster, S.W. (2772 Victo:ta.] 


1892 Apr. *ЕлрЕ, Enenezer, Messrs. Ransomes and Rapier, 32 Victoria Street, 


A1895 Dec. 


I9II Apr. 


1899 May 


тото May 


1909 July 


1908 Apr. 


S.W. [568 Westminster.]; and 13 Derwentwater Road, Acton. 


EpGCUMBE, KENELM, A.M.I.C.E., Messrs. Everett, Edgcumbe and 
Co., Collendale Works, Hendon, N.W. [45-46 Ktngsbury |; and 
Myles Down, Mill Hill, Middlesex. 


Ермомрв, ALBERT MAHON, c/o Messrs. Decauville and Co., 8/10 
Canning Street, Calcutta.  [Decovil, Calcutta.) 


EpwanRps, HERBERT RICHARD, Lynton, Crescent Road, Sidcup, 
Kent; апа Messrs. Edwards and Smith, т Drapers’ Gardens, 
Е.С. (762 London Wall.) 


ELLIOTT, SioNEY JOHN, c/o Mrs. Macready, 114 Cyprus Street, 
Stretford, near Manchester; and Engine Department, British 
Westinghouse Electric and Manufacturing Co., Trafford Park 
Works, Manchester. 


Erris, ВАзи. AIRD WHITTAKER, 31 Chantry Road, Moseley, 
Birmingham; and Messrs. John Aird and Sons, 71 Cardigan 
Street, Birmingham. 


ELLis, LEONARD ROTHERY, т Weaste Road, Manchester; and The 
Diamond Lubricating Co., Weaste, Manchester. 


1897 Мау *ErrLis, ROBERT BarrisCOMBE ASKQUITH, 67 Wordsworth Road, 


1904 Dec. 


Small Heath, Birmingham; Wolsley Tool and Motor Co., 
Adderley Park, Birmingham; and 19 Artillery Buildings, Vic- 
toria Street, S. W. 


ENGLISH, JOHN WALTER, 20 Finkenhof Strasse, Frankfort-on- 
Maine. 


List OF MEMBERS. xvii. 


Elected. 


1904 Sept. ENNor, Мокмам LesLie, Messrs. Garland and Laidley, Lisbon 
Portugal; and New Park Villa, Wadebridge, Cornwall. 


1904 Dec. ETHERIDGE, HERBERT  OsBouRNE НАссак, Stud.Inst.C.E., 
Limekilns, by Dunfermline, Fife, N.B. 


1911 June ETHERINGTON, HENRY, 238 Willesden Lane, Brondesbury, N.W. ; 
and Balfour House, Finsbury Pavement, E.C. [6273 London 
Wall.] 


1911 Feb. Evans, Evan Rees, 6 Richmond Place, Brighton; 47 Derwent 
Road, Stretford, Manchester; and Switched Gear Department, 
British Westinghouse Co., Trafford Park, Manchester. 


1906 Dec. Evans, Evan Tuomas, Holmwood, Old Fillebrook Road, 
Leytonstone: and Messrs. Boult, Wade and Tennant, тїї 
Hatton Garden, Е.С. [780 Holborn.] 


À1905 Nov. Evans, FRANK Dupvey, Assoc.M.Inst.C.E., Assistant Engineer 
Public Works Department, Kuala Lumpur, Selangor, Feder- 
ated Malay States; and Arlescote, Elm Road, New Malden. 


1907 Oct. Evans, НаАкогр, 53 Park Road, Coventry; 13 Ildersley Grove, 
West Dulwich, S.E.; and Coventry Ordnance Works, Ltd., 
Coventry. 


1896 Mar. Evans, HERBERT WALTER Іл.оүр, 18, Elibank Road, Eltham, 
Kent; and Operative Department, Royal Mint, E.C. (749 
Central.) 


1900 Jan. *Evans, Тномав Dakin, с/о Mr. Baldwin Latham, Parliament 
Mansions, Victoria Street, S.W.; and 43 South Norwood Hill, 


1904 Jan. Everts, Скоксе, Assoc.M Inst.C.E., с/о Mr. Н. E. Jones, Palace 
Chambers, Westminster, S.W. (4570 Gerrrard.]; and 149 
Ribblesdale Road, Thrale Road, Streatham, S.W. 


1902 July  EviTT, FREDERICK, 19A Firs Mansions, Muswell Hill, N.; and 
Messrs. J. С. Worssam and Son, Wenlock Road, City Road, N. 
(677 King's Cross.) 


1903 June Eyres, CHaRrEs Henry, L.C.C. Offices, 19 Charing Cross Road, 
W.C. [4086 Сеғғаға | 


1900 Sept. FAULKNER, Vivian, Messrs. L. Faulkner and Sons, Iron Works, 
Hersham, Walton-on-Thames; and Firside, Station Avenue, 
Walton-on-Thames. 


1902 Dec. FawceTT, Francis Tuomas, Emsworth, Stanley Road, South 
Woodford ; and International Correspondence Schools, Kings- 
way, W.C. 


1906 Dec. FAWKES, ARTHUR WALTER ELsoN, 709 Fourteenth Avenue North- 
Minneapolis, Minn., U.S.A.; c/o Messrs. Fawkes and Sons, 
660 Dundas Street, London, Ontario, Canada; and 329 Glos, 
sop Road, Shefheld. 


1907 Nov. FEILDEN, EpWAkD SEARLE, 25 Rosemont Road, Acton, W.; and 
. Army and Navy Stores, Ltd., Engineer's Department, Victoria 
Street, S. W. 


1899 Nov. FELLA, Ernest ALEXANDER, 16 Lodge Road. West Croydon; 
and Electric Lighting Station, West Croydon. 


A1886 July “Еемгіск, WALTER, Manager, Gas Works, Hemel Hempstead. Herts. 


1901 Dec. FENNING,  RoBERT WILLIAM, Stud. Inst.C.E., Paddington 
Technical Institute, Saltram Crescent, W.; and Elladene, 
7 Dornton Road, South Croydon. 


xviil. 
Elected, 


1906 Apr. 


А1806 Oct. 


1899 Feb. 


1010 June 


1902 Dec. 


1902 Dec. 


1010 Sept. 


1894 July 


I905 April 


1907 Mar. 


1892 Sept. 


I9IO Mar. 


I91I Mar. 


1895 Mar. 
1901 Sept. 


I9II Jan. 


1904 Mar. 


1906 Apr. 


1908 May 


THE JUNIOR INSTITUTION OF ENGINEERS. 


FERGUSON, JAMES STRATHERN, M.I.Mech.E., Messrs. Findlay and 
Co., Ltd., g Victoria Street, Westminster, S.W.; and 1 
Bournevale Road, Streatham, S.W. 


FERREIRA, Luiz РЕ Moraes Gomes, Messrs. Siemens Bros. 
and Co., Railway Signalling Department, Caxton House, 
Westminster, S.W. ([Siemable. 860 Gerrard]; and 102 
Elmbourne Road, Upper Tooting, S.W. 


FIELD, CHARLES EDWARD, 643 Tenth Avenue West, Vancouver: 
British Columbia, Canada; and 96 Christchurch Road, Streat- 
ham Hill, S.W. 


FILER, FRANK ERNEST, 35 Danecroft Road, Herne Hill, S.E.; and 
Messrs. Boult, Wade and Tennant, 111 Hatton Garden, E.C. 
[6464 Holborn. cjo Boult, London.] 


FILLINGHAM, JOHN Тномав D., Assoc.M Inst..C.E., 73 Grange 
Park Road, Thornton Heath, Surrey ; and L.C.C., Engineer's 
Department, Spring Gardens, W.C. 


FiNBOw, ARTHUR, 42 Melody Road, Wandsworth, S.W. 


FiRTH, Тномав Henry. Crescent Road, Sheffield; and The Bright- 
side Foundry and Engineering Company, Ltd., Wicker гоп 
Works, Shefheld. [88 Sharrow. 373 and 1233 Sheffield. Cast- 
ings, Sheffield. ] 

FisHER, Frank, B.Sc., The Patent Office, r1 Staple Inn, W.C.; 
and Fernleigh, Oxted, Surrey. 


FISHER, ROBERT WILLIAM, 143 Kensington Avenue, Manor Park, 
Essex; and Messrs. J. Westwood and Co., Ltd., Napier к 
Millwall, E. [1066 East.] 


FISHER, WALTER, Jun., 31 Abbey Road, West Ham, E and 
Commercial Gas Co., Stepney, E. 


Firz-GiBBON, GERALD, M.Inst.C. E., 2 Queen Square Place, Queen 
Anne's Mansions, Westminster, S.W.; ; and 3o Steeles Road, 
Haverstock Hill, N.W. 


FLETCHER, ALBERT STEPHEN BarpwiN, зо McLeod Road, Abbey 
Wood, Kent; and Western Electric Company, North Wool- 
wich. [7400 East.] 

FrEx, Epwarp, Westinghouse Brake Co., 82 York Road, King's 


Cross [620 King's Cross); and Bloomsbury House, Queen's 
Square, W.C. 


ForD, FREDERICK GEORGE, 279 Green Street. Forest Gate. 


Forp, EpwaRp, Mansfield House, Canning Town: India Rubber 
Gutta Percha and Telegraph Works Company, Silvertown; and 
Lannock View, Baldock Road, Letchworth (Garden City), 
Herts. 


Foster, CHARLES Epwin, Bird's Hill, Letchworth, Herts; and 
Foster Instrument Co., Letchworth, Herts. [36 Letchworth. 
Foster, Letchworth] 


ЕовтеЕк, HamGorp PEARSON, Withens, Rainville Road, Bramley, 
Leeds: and Wellington Bridge Tramways Depot, Leeds. 


Fox, Henry FREDERICK, Assoc. M.Inst. C. E., Messrs. Vicars, Ltd.» 
32 Victoria Street, Westminster, S.W. [842 Westminster] ; 
and 68 Wellington Road, Charlton, Kent. 


Francis, RoNALD |овЕРН, Assoc.Inst.C. E., 14 Gainsborough Road 
Woodside Park, N. 


Elected. 
1006 Jan. 


1899 Nov. 


1901 May 


А15ос Feb. 


1907 Jan. 
1905 Mar. 


1906 Nov. 


1995 June 


1909 July 
1890 


1897 Mar. 


Feb. 
June 


Dec. 


А:907 Jan. 
1891 Oct. 


Aigo5 Feb. 


I909 Mar. 


1909 Oct. 


1907 Oct. 


1910 June 


Sept. 


ж 
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FRAsER, EpGAR Horst, Ardmore, King's Avenue, Sundridge Park, 
Kent; and Messrs. Fraser and Son, Millwall Boiler Works, 
North Greenwich. [3385 East.] 


FREKE, PERCIVAL JOHN, 15 Kingsmead Road, Tulse Hill, S. W.; and 
Messrs. Bailey, Pegg and Co., 81 Bankside, S.E. [697 Нор.) 


Fryer, JOHN Epwin GEoRGE, A.M.I.M.E., Messrs. Humphreys 
and Glasgow, 38 Victoria Street, S.W. [609 Victoria]; and 
North View, Derby Road, South Woodford. 


FRYER, WALTER JOHN, А.Г.Е.Е. (Compounded for Subscriptions), 
Kalyis, The Fishery, Maidenhead; and Messrs. Fryer and 
Co., Bravington Road, Paddington, W. [2326 Gerrard.] 


FULLER, ERNEST HENRY. 


GARDNER, GEORGE ANTHONY, Messrs. Samuel Cutler and Sons, 
39 Victoria Street, Westminster, S.W. (9492 Gerrard]; and 22 
Rathcoole Avenue, Hornsey, N. 


GARDNER, JOHN OswaLp, ro Champion Park, Denmark Hill, S.E.; 
and Messrs. G. Wailes and Co., 258 Euston Road, N.W. 
[390 North. ] 


GARNETT, HENRY JoskPH, Heathdene, Shoreham Road, Otford,; 
near Sevenoaks, Kent; and Gutta Percha Works of Telegraph 
Construction and Maintenance Co., 18 Wharf Road, City 
Road, E.C. 


Gascoyne, Henry WIc iam, Church View, Twyford, Buckingham. 


САТЕЗ, Louis WILLIAM, 9 Vicars Hill, Lewisham, S.E.; and 
Bengal-Nagpur Ry., Khargpur, India. 

GATRILL, ARTHUR FREDERICK MaLvoN, A.M I.E.E., Ocean View, 
Frinton-on-Sea; Electricity Works, Frinton-on-Sea; and Uns- 
worth, Filey Avenue, Stoke Newington, N. 


С.АҮЕ5, ALEXANDER JOSEPH, 127 Sebert Road, Forest Gate, E.; and 
Western Electric Co., North Woolwich, E. 


СЕЕ. Harry Тномав PaGE, Fel.C.I.P.A., 70 George Street, 
Croydon; and Oakdene, 147 Mackenzie Road, Beckenham. 


GENTRY, GEORGE, 43 Wroughton Road, Clapham Common, 5.У. ; 
and ‘' Model Engineer's ” Laboratory and School of Mechanics, 
26 Poppin's Court, Fleet Street, E.C. 


GERMANN, THOMAS, 4 Isledon Road, Finsbury Park, N. 


GiBBs, ALECK ROBERT, Assoc. M Inst.C.E., Holly Bank, тоз Tierney 
Road, Streatham Hill, S. W. ; and The Admiralty, S.W. 


Assoc.M.Inst.C.E., 11 


GiBsoN, THOMAS SYDNEY FLETCHER, 
and South Metropolitan 


Pepys Road, New Cross Gate, S.E.; 
Gas Co., 709 Old Kent Road, S.E. 


GILBERT, ARTHUR HENRY, 217 Liverpool Road Islington, М.; and 
Erith Engineering Co., Ltd., 7o Gracechurch Street, Е.С. 
[Erithus, London. 1834 Avenue.) 

GLEASON, Louis RUTLEDGE, 172 Tenth Street, Elmhurst, L.I., 
New York, U.S.A. 

GLENN, George FREDERICK, The Seyssel and Metallic Lava 


Asphalte Company, 42 Poultry, E.C. ; and Sanctuary House, 
Westminster. [Inscribe, London. 2644 Central.] 


GopFrey, WILLIAM Henry, 39 Victoria Street, Westminster, 
S.W. [790 Victoria] ; and 5 High Street, Staines. 


XX. 


Elected. 
тоот Oct. 


1889 Oct. 


1907 Apr. 


1904 Nov. 


1908 Feb. 


1901 Мау 
1904 Feb. 


1900 July 


1011 Apr. 


1905 Nov. 


1910 Dec. 


1897 Oct. 


A1892 Dec. 


1905 June 


1900 Nov. 


1910 Oct. 


I9IO Jan. 


1904 Dec. 


1899 Nov. 


` 1905 July 
1907 Apr. 


THE JuNioR INSTITUTION OF ENGINEERS. 


GLOVER, MAURICE LEIGHTON. 


GorFE, Epwarp, A.M.I.Mech.E., Rand Club, Johannesburg, 
Transvaal, South Africa; and c/o Messrs. Fraser and Chalmers, 
Ltd., P.O. Box 619, Johannesburg, Transvaal. 


GOODCHILD, JAMES, 52 Sumatra Road, West Hampstead, N.W.; 
and Hampstead Borough Council Electricity Works, Lithos 
Road, N.W. 


Соормам, REGINALD CALMER, 69 Fairlop Road, Leytonstone, E. 


GoopMAN, WitLiaAM Henry, Oakmead, York Road, New 
Barnet; and West India House, 96-98 Leadenhall Street, E.C. 
[Evanuers, Londun. 6318 Avenue ] 


GORDON, SAMUEL HuNTER, 24 Hill Terrace, Inverness; and Rose 
Street Foundry and Engineering Co., Ltd., Inverness. 


GOULBORN, WERNON, Hong Kong Rope Manufacturing Works, 
Hong Kong ; and 43 Greek Street, W. 


*GouLD, HERBERT THOMAS, 2 Teilo Street, Cathedral Road, Cardiff ; 
17 Quay Street, Cardiff [Gasify, Cardif. 700 National]; and 
15 Leicester Road, Croydon. | 


Govan, Henry MairLAND, Е.С.1.6., c/o Messrs, Grindlay and 
Co., 54 Parliament Street, Westminster; and Akgab, Arracan, 
Burma. 


GRAHAM, FRANK JAMES Gorpon, бо St. Albans Road, Seven Kings, 
Essex; and 3 Hirst Road, ‘Walthamstow. 


GRANT, HENRY Тномав, 27 Duke Road, Chiswick; and Muirhead 
and Co., Ltd. 35 Queen Victoria Street, Е.С. (8504 Bank, 
Amplitude, London. ] 


*Gray, Horace Norman, F.S.I., M.R.San.Inst., 334 Commercial 
Road, E. [7326 Сеніғаі.); and Newlyn, Westcliff Parade, 
Southend-on-Sea, Essex. 


*GRAY, KENNETH, F.S.I., M.R.San.I., 20 Danvers Street, Chelsea, 
S.W. [201 Western]; and 28 Badminton Road, Nightingale 
Lane, Clapham Common, S.W. 


Gray, WILLIAM HENDERSON, Grafton Works, North Road, Hollo- 
way, N. 


GREEN, ALFRED GEORGE, 204 Choumert Road, Peckham, S.E.; 
and Messrs. Redpath, Brown and Co., Riverside Works, Е. 
Greenwich. 


GREEN, ARTHUR, А.М.1.Е E., Davis and Timmins, Ltd., Brook 
Road, Wood Green, N. [143 Tottenham. Conductivity, London]; 
and 23 Victoria Road, Alexandra Park. N. 


GREEN, ERNEsT WALTER, Hazeldene, Broomberry Drive, Gourock, 
N.B.; and Royal Naval Torpedo Factory, Gourock. 


GREEN, JOSEPH, Messrs. J. Aird and Sons, Belvedere Road, Lambeth, 
S.E. (562 Hop.] ; and Roughdown, Boxmoor, Herts. 


GREENE, FRANK ARNOLD, A.M.I.Mech.E., 7 Alexandra Mansions, 
West End Lane, N.W.; and 3 Miles Lane, Е.С. 


GREENLY, HENRY, 46 Bruce Grove, Watford, Herts. 


GREGORY, Victor HERBERT, Messrs. Swinburne, O'Gorman and 
Baillie, 82 Victoria Street, S. W. ; and 59 Park Road, Chiswick, 
W. 


Elected. 
1909 Nov. 


1906 April 


1907 Feb. 
1897 Dec. 


1899 Apr. 
1895 June 


то Mar. 


1898 Dec. 


1909 Nov. 


1300 Feb. 


I908 May 


1907 Aug. 


1907 Aug. 


1900 Dec. 


ої Mar. 


1907 Aug. 


1902 Dec. 


1907 Nov. 
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Grew, ALFRED WILLIAM, 138 Culford Road, De Beauvoir Town, 
N.; and National Telephone Co., Ltd., 58 London Wall, Е.С.” 
[701 London Wall.] 


Grey, HENRY Hawarb, 35 Broomsleigh Street, West Hampstead ; 
and Messrs. Clark and Standfield, 11 Victoria Street, S.W. 


Скіттом, STANLEY Evan, Talfourd Cottage, Reigate, Surrey. 


GRIFFITH, SAMUEL BanNEs, 8 John Street, Adelphi, W.C. [6364 
Central] ; Railway Foundry and Engineering Works, Reading ; 
and 47 Westcombe Hill, Blackheath. 


Groome, Hanorp, Electricity Works, Bennett Street, Ryde, Isle of 
Wight. 


HABELL, FRANK STANNAH, c/o The Manager, Birkbeck Bank, 
Chancery Lane, W.C. 


НассчЕе, RosERT Hoop, Assoc M.Inst.C.E., Tyneholme, Weald- 
stone, Middlesex; and Messrs. Scott and Mountain, Ltd., 49 
Queen Victoria Street, E.C. [8349 Bunk. Escamoten, London.) 


Нли.ку, Frank Рексіулі,, A.M.I.Mech.E., 31 Abinger Road, 
Bedford Park, Chiswick. W.; and London Sherardizing Co., 
Ltd., 6 Great Winchester Street, Е.С. [Dawneth, London. 
5146 London Wall.) 


Нліл, WILLIAM FRANK, 8 South View, Bishop Auckland; and 
British Engine Boiler and Electrical Insurance Company, 12 
King Street, Manchester. 


HAMILTON, JAMES BaAiLLiE, 24 Heathland Road, Stoke Newington, 
N.; and Mess. J. B. Hamilton and Co., Unica Works, Southey 
Road, South Tottenham, М. ([Verdampfer, London. 1656 
Tottenham.) 


Hamp, JAMES ALEXANDER, Electrical Engineer, Sao Pauló Railway 
Company, Sao Pauló, Brazil; and Holmwood, Kingsbury 
Road, Neasden, N.W. 


HANDLEY, Своксе Ernest, 84 Blythe Road, Coventry; and 
Coventry Ordnance Works, Coventry. 
HaNporLL, Percy Git Bert, “Florenta,” Bushey Hill Road, 


Peckham, S.E.; and The Albany Engineering Co., 80 Ossory 
Road, Camberwell. ([Bolthead, London. 1042 Нор.) 


Hanpy CHARLES Epwarp, Wh.Sc., 17 Oriel Road, North End, 
Portsmouth; and Municipal Technical Institute, Portsmouth. 


Hankin, Maurice Harvey, Messrs. W. T. Sugg and Co., Vincent 
Works, Regency Street, Westminster, S. W. [769 Westminster] ; 
and Murrell Green Farm, Winchfield, Hants. 


Harps, JOHN FREDERICK STANLEY, Sanctuary House, Tothill 
Street, Westminster, S.W. (2929 Victoria.) 


Harper, WILLIAM, 12 Loinsville Avenue, Aberdeen; Morvi, 
Kathiawar, India; Messrs. Marshall and Harper, 1 Esplanade 
Road, Bombay ; and с/о Mr. J. Harper, Engineering Works, 
Aberdeen. 


*HARRISON, CHARLES RICHARD JosEPH, Middle Park, Eljham, 
Kent; and c/o Messrs. Howarth Erskine, Ltd,, Singapore, 
Straits Settlement.  (Erskine, Singapore. ] 


xxii. 


Elected. 


THe Junior INSTITUTION oF ENGINEERS. 


1000 Aug. *HARRISON, GEorGE Donan, Lindores, 35 Bromley Road, Becken- 


1905 Mar. 


1902 Sept. 


1906 Dec. 
1908 Aug. 
IgIO Apr. 
1901 May 
1908 Apr. 


1908 Jan. 
IgIO Jan. 


1908 Aug. 


1908 Dec. 
1894 April 


1905 Feb. 
1908 May 
1908 Sept. 


1909 June 


1904 Dec. 


1909 Feb. 


ham, Kent; and Messrs. Boult, Wade and Tennant, ІІІ 


Hatton Garden, High Holborn. Е.С. (6465 Holborn.] 


HARTLEY, GILBERT James, Assoc.M.Inst.C.E, c/o Hume 
Hermanos, 186 San Martin, Beunos Ayres, Argentina; and 
Knighton, 2 Oak Hill Road, Beckenham, Kent. 


Harvey, Cunas. Еіт2севнді.», B.A., Carisbrooke, Eglinton Road, 
Chingford, Essex; Chief Engineer's Office, London County 
Council, Spring Gardens, S.W.; and 62 Lower Bagot Street, 
Dublin. 


Harvey, WILLIAM Crayton, Tasmanian Government Offices, 5 
Victoria Street, Westminster, S. W.; and r3 Versailles Road, 
Anerley, S.E. 


HAWKINS, FRANK JAMES, Rosemont, Regent Street, Rugby; Messrs, 
British Thomson Houston Company, Rugby; and 2 Forest 
Place Villas, Whipp's Cross Road, Leytonstone, Essex. 


HawTAYNE, WILLIAM HENRY, Lagos Government Railway, Ebute 
Metta, Lagos, West Africa; and Ashleigh, Southborough, Kent. 


Hay, JOHN, 114 Alexandra Road, South Hampstead, N.W.; and 
Messrs. Mumford and Co., Ltd., Colchester. 


HavBITTEL, LesLie McGowan, 4 Pinewood Road, Eaglescliffe, Co. 
Durham; Power Gas Corporation, Stockton-on-Tees; and 166 
Loughborough Road, Brixton, S.W. 


Hayes, MoRGAN WILFRID, 81 Waverley Road, Southsea, Hants ; 
and H.M. Dockyard, Portsmouth. 


Haywarp, УУпллам Henry Barron, Denhaag, 78, South Side, 
Clapham Common, S.W.: and Union Assurance Society, Ltd., 
т and 2 Royal Exchange Buildings, Е.С. [Unasso, London. 
2980 London Wail. | 


Haywoop, ARTHUR RoBERT, A.M.I.Mech.E., Locomotive Super- 
intendent, Ferro Carril Trasandino (Por Juncal), Traccion y 
Talleres, Los Andes, Chile; and 26 King Henry's Road, South 
Hampstead, N.W. 


HEAD, WarrkR Скоксе, Assoc.M.I.Mech.E., 81 Rodenhurst 
Road, Clapham Park, S. W.; and South Metropolitan Gas Co., 
Mains Dept., 709, Old Kent Road, S.E. 


HEALY, Louis Tuomas, Assoc. M.I.E.E., 31 Lynmouth Road, East 
Finchley, М.; and c/o Royal Insurance Co., Ltd., 28 Lombard 
Street, E.C. [4590 London Wall.) 


Heap, Ray DoucLas ТнЕОРОВЕ, M.I.Mech.E., 3 Vanbrugh Park 
Road West, Blackheath, S. E.; and Royal Arsenal, Woolwich, 
S.E. 


HENDERSON, JAMES Носн, Assistant Engineer, The Guiana Gold 
Co., Ltd., St. Marys, Konawarak, British Guiana; and c/o 
Inder and Henderson, 66 Cheapside, Е.С.  [Inderdaad, London. 
9787 Central.) 


HENDERSON, JOHN, The Guiana Gold Co, Konawarak River, 
British Guiana; c/o Mr. D. D. Henderson, Meadow Lodge, 
Honor Oak Park, S.E.; and Messrs. Inder and Henderson, 
66 Cheapside, Е.С. (9187 Central.) 


HENDERSON, WILLIAM, 69 Lawson Villas, Priory Road, Dartford ; 
and Imperial Paper Mills, Ltd., Bycliffes, Gravesend, 


Elected. 
1597 Jan. 


1g06 Oct. 


1909 June 


1908 Oct. 


1887 July 


1894 Sept. 


1904 Feb. 


1905 Oct. 
Igro Jan. 


1895 April 


А1905 Mar. 


1838 June 


1%9 Mar. 


1598 Jan. 
1596 Oct. 


iàgi Маг. 


1905 Feb. 


1596 Feb. 
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HENMAN, OwEN WALTER, Ambalantola, Tagelle, S.L., Ceylon; 
Fort Frederick, Trincomalee, Ceylon; and Moulsford House, 
Wallingford, Berks. 


HERON, EDMUND FRANKLIN, Assistant Engineer, P.W.D., Dacca, 
Eastern Bengal; and Bronhaul, Pollard Lane, Undercliffe, 
Bradford, Yorks. 


HERRMANN, HaRoLD Epwarp, 52 Bessborough Street, S. W.; and 
The Sturtevant Engineering Co., 147 Queen Victoria Street, 
E.C. [7721 Central.) 


HETHERINGTON, EpwarRD FRIEND, 11 Thyra Grove, North Finch- 
ley; and North Metropolitan Electric PowerSupply Co., Power 
Station, Taylor's Lane, Willesden. (774 Harlesden.) 


HEWITT, ALFRED HERBERT, Assoc. M.Inst. C. E., Green Island Cement 
Works, Kou Loon, Hong Kong. 


Hewitt, JOHN Рнилр, Porirua, Wellington, New Zealand; Meat 
Export Со. Works, Ngahanrang, Wellington, New Zealand ; 
and Springvale, West Cowes, Isle of Wight. 


Ніскілмс, Horace Суки. BENJAMIN, Bundi Tin Mines, с/о 
Messrs. Guthrie and Co., Singapore, Strait Settlements; and 
Little Firs, Maybury Common, Woking, Surrey. 


Hirt, Craupe HanmorLpb, Assoc.M Inst.C.E., Ravenswood, Sunt 
Avenue, Lindfield, Haywards Heath. 


Ниг, Суви. Francis, Messrs. Locke, Lancaster, апа W. W. and 
К. Johnson and Sons, 308 West Ferry Road, Millwall, E. 
[420 East]; and 94 Gracechurch Street, Е.С. [Plumbosus, 
London.] 


HirLs, STANLEY Момссок, 34 Fladgate Road, Leytonstone, Essex; 
and Sale Department, St. Marylebone Borough Council, Elec- 
tricity Supply Department, 36 Aybrook Street, Manchester 
Square, W. (5027 Puddinglon.] 


HirroN, Henry FRANK, Great Eastern Railway, District Locomo- 
tive Superintendent, Cambridge; and 297 Hills Road, 
Cambridge. 


Hine, Рнилр Tuomas, 10 Bank Place, Ashton-on-Ribble, Preston ; 
and Messrs. Dick, Kerr & Co., Preston. 


Hırd, Maurice, 77 Manor Park, Lee, S. E.; and " С.В." Surface 
Contact Co., Hamilton House, 149 Bishopsgate Street Without, 
E.C 


HoBBs, Epwanp WALTER, 38 Childebert Road, Balham, S.W. ; and 
с/о W. J. Bassett-Lowke and Co., 112 High Holborn, W.C. 
(6285 Holborn.] 


Hockrv, ALFRED, Oakgates, Barnes. 


Hockrv, RoLAND, 14, Nixon Street, Sandyford, Newcastle-on- 
Tyne; and Oakgates, Barnes. 


HopGKINSON, FREDERICK WILLIAM, Kingsholm, 8 Durham Road, 
Sheffield; and Resident Engineer, Sewage Extension Works, 
Town Hall, Sheffield. 


Hopkisson, GEORGE TOONE Ray, 9 Wise Street, Leamington 
Spa; and Messrs. G. F. Smith and Sons, Milverton, 
Leamington. 


Hopson, Horace MarcorM, B.Sc. (Lond.), A.M.I.Mech.E.; с/о 
Messrs. Bryan Donkin and Co., Parliament Mansions, S.W. 


XXIV. 


Elected. 


1909 


1907 Aug. 


I9IO 


1910 


1907 


1910 


1890 


1904 


1901 


1909 


1906 


1905 


1902 
1909 


1907 
1903 


А1801 


1904 


Dec. 


June 


Jan. 


Jan. 


Mar. 


June 


Dec. 


Feb. 


Apr. 


Dec. 


Oct. 


THE JUNIOR INSTITUTION OF ENGINEERS. 


HoEPsTEIN, CARL бірмеү, 5 Scovill Street, Higher Broughton, 
Manchester; Messrs. Mather and Platt, Ltd., Manchester ; 
and Clarmont, 42 Muswell Road, Muswell Hill, N. 


Носс, WarTER Тномав, The Lees, Langdale Avenue, Mitcham; 
Southdown House, Carshalton Road, Sutton; and Gas Works, 
Mitcham. (Р.О. 174 Wimbledon.) 


Ноге, бүрмеү Hanorp, Eversley, Thicket Road, Sutton, Surrey ; 
and Messrs. G. J. Worssam and Sons, Wenlock Road, N. 
(677 North.) 


HorRovp, JuLian, c/o Canada Foundry Co.. Ltd., Mechanical 
Engineering Department, Toronto, Ont.; 537 St. Clarens 
House, Toronto, Ont., Canada; and 415 Southfield Lane, 
Great Horton, Bradford. 


Horwav, RICHARD ALEXANDER, 63 Winterbrook Road, Herne НІП, 
S.E.; and Messrs. Griffiths and Co., 73 Knatchbull Road, 
Camberwell. [7458 Brixton.) 


Hopper, GEORGE MILNER, 220 Liverpool Road, N.; and Messrs. 
С. J. Worsswn and Son, Wenlock Koad, City Road, М. [677 
North.) 


Нозесоор, THOMAS PrksanT, бо Egerton Road, Bishopston, 
Bristol; and Car and General Insurance Corporation, Bristol. 


HovENDEN, E. У/иллам, B.Sc., A.K.C., Messrs. Geo. Kent, Ltd., 
Water Meter Works, Luton, Beds; апа rog Thurlow Park 
Road, West Dulwich, S.E. 


How, CHARLES ERNEST, 44 Woodstock Road, Nether Edge, 
Sheffield; and Messrs. Hadfield and Co., Sheffield. 


Howarp, GEonGE Roserts, Tudor Accumulator Co., 119 Victoria 
Street, Westminster, S.W.; 104 St. Clare Road, Kensington ; 
and 46 Avenue Road, Itchen, Southampton. [24 Victoria.] 


Номакр, Joser, River Cottage, Metropolitan Water Board, 
Pumping Station, High Street, Hornsey ; and Messrs. James 
Keith and Blackman, 27 Farringdcn Avenue, E.C. (620 
Holborn.] 


Номе, Tuomas Henry, Rossmoor, Grosvenor Road, Ilford; 
and Engineer's Department, West India Docks, E. 


May “Ноггравкт, ALFRED Harry, Assoc.M.Inst.C. E., Stud.I.E.E., 115 


Nov. 


Oct. 


Nov. 


Embleton Road, Lewisham, S. E. 


Норгг.квтом, GEORGE BRADLEY, Naval Construction Works, 
Messrs. Vickers, Ltd., Barrow-in-Furness. 


Носсетт, SYDNEY GeorGe GILLESPIE, Messrs. Dorman, Long 
and Co., 17 Victoria Street, Westminster, S.W,; and Manor 
House, London Road, Norbiton. 


HuGHES, Frepk. Peter, Heathfield, Priory Lane, Blackheath ; 
and The Tilbury Contracting and Dredging Co., 74 Gt. Tower 
Street, Е.С. 


Mar. *HuGuHes, СЕОКСЕ Henry, M.I.Mech.E., Alma Lodge, Walton- 


Apr. 


on-the-Naze; and 35 Queen Victoria Street, E.C. (2548 City.] 


HuGHES, STANLEY GEonGE, Manager's Office, North Warwick- 
shire Water Company, Edgewick, Foleshill, near Coventry ; 
and Alma Lodge, Walton-on-the-Naze. 


1904 Dec. Ногетт, CHARLES GLYNDWR, 3rd Engineer, S.S. “ Godingham,"’ 


c/o Harris and Dixon, 81 Gracechurch Street, E.C.; and c/o 
Mr. David Morgan, Arley, East Molesey, Surrey. 


Elected. 
1890 JULY 


1909 Nov. 


1898 Mar. 


1900 May 


1898 Jan. 


A181 Feb. 


1904 Oct. 


1902 Dec. 


1906 Sept. 


1902 May 


№894 Apr. 


1905 Mar. 


1898 Dec. 


1900 Feb. 


1907 Маг. 


1896 Nov. 


1908 Mar. 


List oF MEMBERS. XXV. 


HurME, Courtney TREWOLLA, Midlothian, Edward Road, Farn- 
ham, Surrey; Pilgrims Way Motor Co., Farnham; and 
8 Druro Place, Victoria Road, Kensington, W. 


Номвевт, Lois, The Royal Colonial Institute, Northumberland 
Avenue, W.C.; and c/o Mr. J. C. Wheeler, 5 Abchurch Yard, 
Cannon Street, E.C. 


Номт, Davip Nozr, St. Teilo, Whitehill, Chesham, Bucks. ; and 
The Clayton Fire Extinguishing and Ventilating Co., 22 
Craven Street, W.C. [3232 Gerrard.] 


Номт, Epwarp, Asst. Loco. Superintendent, Eastern Bengal State 
Railway, Dacca, Bengal, India; and 147 High Street, 
Offord Road. Manchester. 


“Номт. Неввект Francis, B.Sc.Lond., Electrical Engineer, 
Н.М. Dockyard, Pembroke; and тол Featherstone Buildings, 
High Holborn, W.C. 


“HUNTER, ADAM, M.Inst.C.E., 8 Viewpark Drive, Rutherglen, 
Glasgow ; and Chief Engineer, Messrs. Sir William Arrol and 
Co., 85 Preston Street, Glasgow. (2222 Rutherglen. ] 


HUNTER, FREDERICK CHARLES, 73 Gwendoline Avenue, Upton 
Park, Essex; and W. T. Henley’s Telegraph Works Co., Ltd., 
13 and 14 Blomfield Street, London Wall, E.C. 


Honter, Hope, Connaught Club, Marble Arch, W.; and London 
Hydraulic Power Co., Hatfield Street, Blackfriars,S.E. (685 Hop.] 


HUNTER, JOHN CHALMERS, A.M.I.Mech E., Carriage and Wagon 
Superintendent, North Western Railway, Lahore, India; and 
4 Buckingham Road, Levenshulme, Manchester. 


HUNTER, JOHN WiLLIAM, A.M I.Mech.E., 41 Lancaster Road, South 
Hampstead, N. W.; and Edwards Air Pump Syndicate, 3 Crown 
Court, E.C. 


*HuNTER, WALTER JAMES, Assoc.M.Inst.C.E., 128 Wellesley Road, 
Chiswick, W.; and Metropolitan Water Board, Western 
District Office, Commercial Road, Pimlico, S. W. [55 West- 
minster.) 

Нотснімзом. Percy Tuomas, 64 Foxbourne Road, Upper Tooting, 
S.W.; and Messrs. Inder & Henderson, 66 Cheapside, E.C. 
(9787 Central.] 

Нүме, Harry Everett, Cromwell House, Mount Pleasant, 
Swansea; and Messrs. Rees and Kirby, Constructional 
Engineers, Swansea. 


INDER, CLARENCE JOHN, 66 Cheapside, E.C. 
даай, Lonudon.] 

INGLIS, RoBERT CHARLES, Assoc. M.Inst. C. E., Oficina via y Obras, 
Ferro Carril del Sud, Pencliffe House, Buenos Aires, S.A. ; 
с/о Great Southern Railway Company, Engineer's Office, 
Buenos Ayres; and 1 Palace Street, Berwick-on-T weed. 


Jackson, ALFRED Epwarp, M.I.E.E., c/o Messrs. Kincaid, 
Waller and Manville, St. Stephen's House, Embankment, 
Westminster, S.W.; and Wayland, Derby Road, Sutton, 
Surrey. 

Jackson, CHARLES Warsurton, Clitheroe House, New Park Road, 
West Southbourne Bournemouth; and c/o The Brush 
Electrical Engineering Co., Loughborough. 


[9787 Central; Inder- 


xxVl. 
Elected. 


1901 June 


1908 Jan. 
1894 May 


1904 Sept. 


A1895 Sept. 


1908 Mar. 


1909 June 


1890 June 


I909 Oct. 


I904 Dec. 


1907 Oct. 
А1908 Jan. 
1909 July 


тдот Feb. 


1909 Dec. 


1908 Aug. 


1897 Jan. 


I907 Mar. 


1890 Mar. 


1906 June 


THE JUNIOR INSTITUTION OF ENGINEERS. 


*JACKSON, GILBERT Epwarp, Franco-Russian Engineering Co., late 
Baird's Works, St. Petersburg; c/o Mr. Affleck, 21 Peel Street, 
Partick, N.B. 


Jackson, HERBERT WILLIAM, Coventry Ordnance Works, Coventry. 


Jacos, GEORGE STEPHEN, Garthmoir, Inverkeithing, N.B.; Н.М. 
Dockyard, Rosyth, N.B.; and Bratton Vicarage, Westbury, 
Wilts. 


JAGER, SILVESTER CLAUDE, 17 Queen's Road, Loughborough; 
Brush Electrical Engineering Co., Loughborough; and 18 
Moreton Avenue, Stretford, Manchester. 


James, Joun Henry Davy. c/o Ginsberg С. M. Co., Mine Office, 
P.O. Box 16, Knight's, Transvaal, South Africa; 18 Alma 
Terrace, Penzance ; and Rotula, Ltd., 31 Lombard Street, Е.С. 


JEavons, Ernest Epwin, Assoc.M.Inst.C.E., 693 Coventry Road, 
Small Heath, Birmingham; and Messrs. John Aird and Sons, 
71 Cardigan Street, Birmingham. [295 Central.] 


JENKINSON, SAMUEL STEWART, The Acacias, Hornchurch, Essex ; 
and Great Eastern Railway, Land Agent's Office, Liverpool 
Street, Е.С. ([Eastlin, London. 5829 London Wall.) 


JENSEN, CHRISTIAN ALBERT, Messrs. Jensen and Son, 77 Chancery 
Lane, W.C. (Venture, London. 1249 Holborn]; and Kingston, 
Parkstone Avenue, Hornchurch, Essex. 


ТЕрнсотт, Dowarp Josera Космр, Straletta, Centennial Avenue, 
Cbatswood, New South Wales; and New South Wales Rail- 
ways, Head Office, Bridge Street, Sydney, N.S.W. 


JEWELL, Epwarp JOHN, 68 Whitehall Road, Handsworth, Birming- 
ham; and Messrs. E. Green and Son, Ltd., Economiser Works, 
Wakefield. 


Товілмс, Vivian, Messrs. Vickers, Ltd., 32 Victoria Street, West- 
minster, S.W.; and Wolferton, Gordon Road, Carshalton. 


JockEt, Laurer MansHarr, Stud.I.E.E., Grad.I.Mech.E., 
Tramway and Electricity Works, Rawmarsh, Yorks. 


Jounson, НЕеввЕКТ Henry, 72 Nelson Road, Stroud Green, 
N.; and “ Engineering," 35 Bedford Street, Strand, W.C. 
(Engineering, London. 3663 Gerrard.) 


JOHNSON, JAMES ERNEsT, c/o Mrs. Bogg, 36 Durham Road, Duck- 
worth Land, Bradford. 


Јонмѕом, JOHN Davip, c/o Mrs. Thompson, 26 Tower Street, 
Gainsborough; and The Northern Manufacturing Co., Ltd., 
Gainsborough. (Gears, Gainsborough. ] 


Јонмѕом, WILLIAM Percy, A.R.C.S., Assoc.M.Inst.C.E., Great 
Britain Hotel, Strada Mezzodi, Valletta, Malta. 


JOHNSTON, JOSEPH WILLIAM, Тһе Marudu Bay Co. Ltd., 
Mempakad, Kudat, British North Borneo; and 21 Ancona 
Road, Plumstead, S.E. 


JOLLIFFE, REGINALD, 3 Saxon Street, Dover, Kent; and Messrs. 
Thomas Wood and Sons, Swanley, Kent. 


Jones, ARTHUR REDWALD, 17 Ouseley Road, Balham, S.W.; and 
c/o Mr. Jas. Gray, Danvers Street, Chelsea, S. W. 


Jones, AUSTIN JOHN Moncas, 24 King Street, Nantyglo, Mon. ; 
and John Lancaster and Co..Ltd.,Six Bells Collieries, Aberberg, 
Mon. 


Elected. 
1906 June 


1908 Feb. 


1906 Jan. 


1910 Oct. 
А:395 Jan. 


1g02 Dec. 


1904 Nov. 
1893 Dec. 
1902 Маг. 


1889 Nov. 


1889 Nov. 
1894 Sept. 


t904 Jan. 


1904 Oct. 


1896 Feb. 


А1896 Sept. 


1904 Dec. 


1892 Jan. 


41890 July 


1907 Oct. 
1gIO Jan. 


1л5т oF MEMBERS. xx vil. 


JoNEs, FREDERICK TArrounp, Public Works Department, Bonny, 
S. Nigeria; and Valeside, Pembury, Kent. 


Jones, Henry A., Tredington, Oakwood Gardens, Seven Kings; 
and Messrs. Homan and Rogers, 17 Gracechurch Street, E.C. 
(7026 Avenue.] 


Jorpan, TELForD Ray, Hayfield, Hythe, Kent; and Messrs. J. Aird 
and Sons, 59 Belvedere Road, Lambeth, S.E. (562 Нор.) 


Joy, Влзи. HUMBERT, 13 Queen Anne's Gate, S.W.; and Cherry 


Tree Cottage, Beaconsfield, Bucks. (6076 Westminster. 
Anhirst, London.] 
*JULIAN, JULIAN, B.Eng., 7 Collier Road, Cambridge; апа 


Borough Engineer and Surveyor to the Corporation of Cam- 
bridge, The Guildhall, Cambridge. 


K&EviLL, ROBERT GRAHAM, A.M.I.Mech.E., .66 Southdean 
Gardens, Wimbledon Park Road, S.W.; and Director of 
Works Department, The Admiralty, 21 Northumberland 
Avenue, W.C. | 


KELLY, LEONARD. 
*KEMPSTER, HENRY, 197 Burton Lane, York. 


KENNAN, JOHN ]ОЗЕРН, F.S.I., Highway's Surveyor, Adelaide 
Depót, Leamington. 


KENNARD, ALFRED ERNEST, A.M.I.E.E., 23 Wheathill Road, 
Anerley, near Croydon; and Stone and Co., Deptford, S.E. 
(1202 New Cross.) 


KENNARD, HERBERT Epwarp, 7 Manor Lane Terrace, Lee, S.E. 


KENT, ALGERNON Сеси., 7 Whitehall Gardens, Chiswick, W. ; and 
Carlton Engineering Co., Ltd., 267 Pavilion Road, Sloane 
Square, W. (707 Kensington. Rupprecht, London.] 


KENyon, RicHaAgD Hopcson, зо Crieff Road, Wandsworth, 
S.W.; and National Boiler and General Insurance Co., 
60 Queen Victoria Street, Е.С, [742 Bank.] 


KEICHELL, ERNEST ROBERT, 17 Drayton Gardens, South 
Kensington, S. W.; and Mr. A. J. Barry, 2 Dartmouth House, 
Westminster, S.W. 


KETTLE, HENRY GEORGE, 24 Lower Brook Street, Ipswich; and 
97 Eastfield Road, Peterborough. 


KILBURN, BERTRAM EpwarD DuNBAR, M.A.Camb., A.I.C.E., 
Chancery Lane Station Chambers, High Holborn, W.C. 
[Bedkil, London. 8538 Central]; and Cray, Harpsden, Henley- 
on-Thames. 


KILMISTER, CLIVE HuGHES, Engineer's 
Municipality, Colombo, Ceylon. 


*KiNc, BENJAMIN Тномав, Fel.C.I.P.A., A.I.M.E. (Compounded for 
Subscriptions), Lemsford, Mostyn Road, Merton Park, Surrey ; 
and 165 Queen Victoria Street, E.C.  [Geologic, London. 682 
Central.] 


*KiNG, ERNEsT, Wh.Ex.. A.M.I.Mech.E., Messrs. Mellowes and 
Co., Corporation Street, Sheffield [Eclipse, Sheffield. 91 
Bromhill, Sheffield}; and 2 Silver Birch Avenue, Fulwood, 
Sheffield. 


KING, GEorGE OSWALD, с/о Mrs. Bur, тт Royal Terrace, Weymouth ; 
and Whitehead Torpedo Works, Weymouth. 


Office, Colombo 


xxviii. THE JUNIOR INSTITUTION OF ENGINEERS. 


Elected. 
1902 Apr. KiNGSNORTH, GEORGE Morvey, Dunelm, 21 Cross Lane, Graves- 
end, Kent ; c/o The Associated Portland Cement Manufacturers 


(1900), Ltd., Park House, Gravesend, Kent. 


1906 Dec. KiNcsrON, CHARLES SYDNEY, 18 Bentick Street, Kilmarnock, 
N.B.; and Glenfield and Kennedy, Kilmarnock, N.B.. 


1901 Sept. “Кітснім, Joun  WirriAM, Assoc.M.Inst.C.E., Third Floor, 
Rue Louis le Grand, Paris; and шо Windsor Terrace, 
Clifton, Bristol. 
тоот Dec. Krirz, Новект Henry, Welton Lodge, Bedford Place, South- 
ampton; and P. and О. S.Y. ~“ Victos,’’ Marseilles. 


1909 July Кміснт, ALFRED Epwarp, Messrs. Boulton and Paul, Ltd., 
Norwich. 
1911 Apr. KNIGHT, ALFRED JOHN, 66, Elmfield Road, Balham, S.W. 


1890 May KNIGHT, FREDERICK WILLIAM ANTHONY, M.I.E.E., с/о Dr. Rawlin- 
son, 69 Rua Baras da Victoria, Reafe, Pernambuco, Brazil; 
The Western Telegraph Company, Caixa, 117, Pernambuco ; 
and 2 Vanbrugh Terrace, Blackheath, S.E. 

Атдоз Apr. *KNowrEs, СкоксЕ Potter, B.Sc. (Eng) Lond, F.S.I., 

Assoc.M.Inst.C.E., 39 Victoria Street, Westminster; and 

Baldway House, Wingrove, Aylesbury. 


1906 Dec. KNowrEs, JOSEPH BERTRAM, 39 Victoria Street, Westminster, 
S.W. 

1910 Мау Коні.Ев, ANTHONY Maurick, Messrs. Kohler, Bloom and Co., 
33 Rue Vergote, Brussels, Belgium. 


A1894 Jan. Квлгт, REGINALD Frank, Assoc.M.Inst.C.E., Balfour House, 
Finsbury Pavement, Е.С. (6273 Wall]; and 113 Melrose 
Avenue, Cricklewood, N.W. 

A1906 Oct. Krause, WILLIAM, 33 Anstey Road, Peckham Rye, S.E.; General 
Electric Co., Queen Victoria Street, E.C.; and The Lombard 
Association, 45 Lombard Street, Е.С. [74706 Central.] 


1908 Feb. Корғиквекс, BERNARD ADALBERT, 25 Leinster Square, Bayswater ; 
and Budenheim-on-Rhine, Germany. 


1902 Jan. Кор, JouN Epwarp, Messrs. Dorman, Long and Co., 17 Victoria 
Street, Westminster, S.W. [152 Westminster] ; and 47 Finsbury 


Park Road, N. 


1908 June Lassen, Jens Jacos, 36 Parliament Hill, Hampstead; and 52 
Queen Victoria Street, Е.С. [Tentwort, London. 4369 Central.] 


1905 June LawrEv, Ernest Norman, 128 Church Road, Norwood, S.E. 


1904 Jan. LEADER, ROWLAND WILLIAM, 30 St. Ann's Road, Harrow; and The 
Leaborne Manufacturing Co., 22 Greenhill Parade, Harrow. 


1897 Dec. LEAN, CLEMENT, B.Sc.Lond., Assoc.M.I.Mech.E., F.C.1.P.A., 
Thanet House, Temple Bar, 231 and 232 Strand. ([Patwatt, 
London. 5315 Central.) 


1903 Dec. LEANING, HENRY JOHN, Copthorne, Burgh Heath, Surrey; and 
28 John Street, Bedford Row, W.C. 


1903 Oct. Lee, Harrison WiLLiAM, с/о The Bank of New South Wales, 
William Street, Sydney, N.S.W.; Nestles and Anglo-Swiss 
Condensed Milk Factory, Toogoolawah, Queensland, Australia ; 
з 7F Cornwall Mansions, Regent's Park, Marylebone Road, 


Elected. 


1906 Feb. 


1890 Mar. 


1890 June 


1890 Nov. 


1903 Nov. 
Igor June 
A1853 Oct. 


1004 Dec. 


1904 Feb. 


1908 Aug. 


1903 Sept. 


1904 Jan. 


1859 Sept. 


1908 Feb. 
1900 May 


19% Dec. 


189 June 


1911 May 


1902 Apr. 


1590 Sept. 


List ов MEMBERS. xxix. 


LEE, JOHN Morton, 5 Station Parade, Horn Lane, Acton, W.; 
and The Wufley Mining Machinery Co., Salisbury House, E.C. 
(2681 City.) 

LEONARD, ARTHUR, Carnalea, London Road, New Balderton, 
Notts; and Messrs. James Simpson and Co., Lowfield 
Foundry, Newark-on-Trent. 


LEONARDT, FREDERIC HENRY, Messrs. Siemens Bros. апа Co., 
Caxton House, S.W.; and Conholt, Beaconsfield Road, 
Blackheath, S.E. 

LE RossiGNoL, ALFRED ERNEST, M.Inst.C.E., 7 Gleddon Road, 
West Kensington, W. 


L'ESTRANGE, Francis SAMUEL, Assoc.M.Inst.C.E., Church Hill 
Cottage, Broughton, near Preston, Lancs. 


LIGHTFOOT, ERNEST JAS., 99 Crayford Road, Tufnell Park, N.W.; 
and Messrs. W. Barnes and Sons, Globe Works, Holloway. 


*Litty, WALTER ErswonTHY, M.A., Assistant Professor of 
Engineering, 39 Trinity College, Dublin. 


Stud.Inst.C.E., c/o Messrs. 
and Godstone 


LINDLEY, FRANCIS EMIL SEARLES, 
Robert Warner and Co., Walton-on-Naze ; 
Place, Godstone, Surrey. 


Linpsay, JOHN Henry, 281 High Street, Southwark; and General 
Motor Cab Co., Brixton Road, S.W. 


Linpsay, WILLIAM JAMES, 27 Woodlawn Avenue, Collingswood, 
New Jersey, U.S.A.; c/o Messrs. R. D. Wood and Co., 400 
Chestnut Street, Philadelphia, U.S.A.; and 281 High Street, 
Southwark, S.E. 


LITTLE, JOHN, 103 Montgomery Road, Sharrow, Sheffield; and 
Messrs. Cammell, Laird and Co., Ltd., Cyclops Works, Grimes- 
thorpe, Sheffield. 


в Joun WirroN, Bryn Celyn, Epping, Essex; and 
Nobels, Waltham Abbey. 


Госам, RosERT SETON, 821 Marchamont Avenue, Mount Royal 
Road, Montreal, Canada. 


Loisv, Рогувіоѕ, 3 Pitman Street, Cardiff, South Wales. 


Гомсноязт, THOMAS JAMES, 431 Eighth Avenue, Sapperhon, New 
Westminster, British Columbia, Canada ; and Lightfoot House, 
Westfield Road, Hornsey, N. 


LoNNoN, WILLIAM Ernest, New Town, Hemel Hempstead, 
Herts. ; and c/o Mr. Howard Martineau, Hemel Hempstead. 


LOUGHBOROUGH, CHARLES, A.M.I.Mech.E., 21 Pickwick Road, 
Dulwich Village, S.E.; and City Engineer and Surveyor's 
Department, City of Westminster, City Hall, W.C. 


Lowe, JAMES GEORGE WILLIAM, Berwick Lodge, St. Paul's Road, 
Thornton Heath; and Pedrail Transport, Ltd., 3 Wyfold Road, 
Fulham, S.W. (7273 Putney.) 


Lupton, Harry, Executive and Municipal Engineer, Malacca, 
Straits Settlement. 

Lyppon, GEORGE Epwarp, A.M.I.Mech.E., 13 Brent Road, 
Shooter's Hill, S.E.; and Messrs. Henley's Telegraph Works 
Co., North Woolwich. (603 East.) 


XXX. 


Elected. 
1906 May 


1901 Jan. 


1890 Sept. 
1909 June 


1906 Apr. 


1906 Apr. 


1909 Feb. 


1909 Oct. 


А1806 Oct. 


1902 Jan. 


1899 April 


1905 Nov. 
1906 Sept. 


19or Feb. 


1908 June 


1898 Mar. 


A1886 Aug. 


A1886 Oct. 


1892 Dec. 


THE JUNIOR INSTITUTION OF ENGINEERS. 


Lyco, Сковсв Ernest, Messrs. Salmon, Whitfield and Collett, 
Caxton House, Westminster; and 59 Doughty Street, Blooms- 
bury, W.C. 


Lymer, BENJAMIN JOHN, 33 Castlegate, Newark-on-Trent; and 
Messrs. J. Simpson and Co., Newark-on-Trent. 


Lyon, Ernest, Assoc.M.Inst.C.E. (Compounded for Subscriptions). 


МАСВЕАМ, JAMES ALEXANDER, Newlands Tea Estate, Kumargram 
Duar, P.O., Jalpaiguri, E.B. and Assam. 


MacpoNALD, Stuart MacNus, Public Works Department, Sudan 
Government, District Engineer's Office, White Nile Province, 
Dueim, Sudan, Egypt. 


MACFARLANE, JAMES Brock, 7 Laurence Pountney Hill, Cannon 
Street, E.C. 


MACKLEY, JOHN THoMas, Drayton, Commonside East, Mitcham, 
S.W.; and The City of London Electric Lighting Co., Ltd., 
Bankside, S.E. [3440 Hop.] 


MACLEAN, WILLIAM EusTACE, Assoc.M.I.Mech.E., 1159 Robson 
Street, Vancouver, B.C.; Lulworth, East Esplanade, Manly, 
New South Wales; and Existing Lines Department, New 
South Wales Railways, Bridge Street, Sydney, N.S.W. 


MACPHERSON, JAMES ALAN, 46 Calais Gate, Camberwell, S.E.; 
and Messrs. H. Young and Co., Nine Elms Iron Works, 
Nine Elms, S.W. [7427 Нор.) 


MacPHERsoN, WILLIAM Donatp, Messrs. Vickers, Ltd., 32 
Victoria Street, Westminster, S.W.; and Inchcape, 34 Caven- 
dish Road, Clapham Common, S.W. 


MAGDELIN, WALTER GEORGE, 64 Brodrick Road, Upper Tooting, 
S.W. 


MAIN, ROBERT BRUCE. 


Мамісо, І.ғоманр, 38 Burnt Ash Hil, Lee, S.E; and 
Messrs. J. Stone and Co., Deptford. [2 Deftford.] 


MANSFIELD, GILBERT, 2 New China Bazaar Street, Calcutta: 
5 Chalsey Road, Brockley, S. E. ; and Messrs. Mansfield and 
Sons, Derby Square, James Street, Liverpool. 


MANUELIDES, THEMISTOCLES ATHANASIOS, Messrs. Norris and 


Henty, 87 Queen Victoria Street, E.C. [836 Bank. Nornodeste, 
London.) 


MansH, Henry HERBERT STANLEY, A.I. E. E., 86 Lansdowne Road, 
W.; and Messrs. Marsh, Son and Co., Ltd., 15 Gerrard Street, 
Soho, W. [Voltmeters, London. 2414 Gerrard.] 


*MARSHALL, ALFRED WiLLIAM, M.I.Mech.E., 180 Loughborough 


Road, S.W.; and 28 New Bridge Street, Blackfriars, E.C. 
(332 Central.) 


*MARSHALL, PercivaL, A.I.Mech.E., “Тһе Model Engineer and 
Electrician," Messrs. Percival Marshall and Co, 26-29 
Poppin's Court, Fleet Street, Е.С. [9077 Central.) 


*MARSHALL, REGINALD, A.M I.Mech.E. (Compounded for Sub- 
scriptions), 182 Loughborough Road, S.W.; and Construction 
Department, British Petroleum Company, 22 Fenchurch 
Street, Е.С. [3037 Avenue.) 


Elected. 
1907 May 


1906 Mar. 


А1907 Oct. 


1904 Mar. 


1899 May 


1888 May 


1900 Aug. 


1907 Jan. 
1906 Apr. 


1894 June 
1900 Nov. 


Ат8до Oct. 


1908 Dec. 


1901 Mar. 


1g00 Nov. 


1900 Sept. 


1903 Oct. 
1909 May 
1906 Apr. 


1903 June 


1908 June 


1910 May 


List or MEMBERS. xxxi. 


MARSHALL, SYDNEY CHARLES, 53 Honor Oak Park, Forest Hill, 
S.E.; and the Morgan Crucible Co., Ltd., Battersea, S.W. 
[7034 Western.) 


Martin, GEORGE 'WiLLIAM, Assoc.M.I.Mech.E., Ambleside, 
Broadfield Road, Hither Green, S.E.; and Atmospheric Steam 
Heating Co., 52 Gray's Inn Road, W.C. [7735 Holborn.) 


Martin, Harotp Mepway, Wh.Sc., 26 Addiscombe Road, 
Croydon; and ''Engineering," Bedford Street, W.C. [3663 
Gerrard.) 


MATTHEWS, ALFRED, 5 Waveny Terrace, Carlton Colville, near 
Lowestoft; and Messrs. J. W. Brook and Co., Lowestoft. 


MATTHEWS, WILFRID JOSEPH, 1 King's Road, Paignton, S. Devon; 
Brixham Pure Ice Co., King Street, Brixham, S. Devon; 
and 16 Market Place, Cirencester. 


MATTHEWs, WILLIAM, 75 Warham Road, Harringay, N.; The 
Victoria Press Manufacturing Co., Ltd., Clifton Buildings, 
Worship Street, Е.С. [5587 London Wall. Vipremae, London.) 


MAUNDERS, CHARLES, 77 Mason's Avenue, Wealdstone. [777 
Harrow P.O.] 


Maw, Ковевт Lewis, 18 Addison Road, Kensington, W. 


MavNE, JAMES GEORGE, Assistant Locomotive Superintendent, 
Central Cuban Railways, Ferro Carril, Sagua la Grande, Cuba. 


McCLure, Jonn, Assoc.M.Inst.C.E., Para Construction Co., Box 
469, Para, Brazil; Prospect Cottage, Cheshunt, Herts; 
and 4 Beechwood Terrace, Mutley, Plymouth. 


McCnuM, JOHN ALEXANDER, Charleston Cottage, Inverness; and 
Resident Electrician, Inverness District Asylum, Inverness. 


McDoucaLL, Percy WaLTER, A.LE.E. 39 Melfort Road, 
Norbury. 


McKenna, УУпилам Epwarp, Public Works Department, 
Mangaldae, Assam, India; and 163 Westbourne Terrace, 
Hyde Park, W. " 


McMvrrEeN, WALLAceE, c/o W. W. Bryder, 36 Blessington Road, 
Blackheath ; and California. 


*McNaucHT, CHARLES JOHN, 31 Askew Crescent, Shepherd's 
Bush, W.; and Messrs. Marryat and McNaught, Ltd., Askew 
Works, Shepherd's Bush, W. (565 Chiswick.] 


Mears, Epwarp JOHN, 5 Beeches Road, West Bromwich; and 
Order Department, Messrs. Danks and Co., Ltd., Oldbury, 
near Birmingham. 


MELLOWES, FRANK WILFORD, Messrs. Mellowes, Corporation 
Street, Sheffield. 

MERRICK, STUART CARISBROOKE, 12 Park Avenue South, Crouch 
End, N 

MEYER, FREDERICK, Central Chambers, 17a South Castle Street, 
Liverpool. (Кееліу, Liverpool. 3886 Banh.) 


MILBURN, GEkoRGE OswaLp, 73 Manchester Road, Hapton, 
near Burnley; Messrs. John Riley & Sons, Chemical Manufac- 
turers, Hapton; and 11 Banks Street, Blackpool. 


Mir BovunN, Dacre VIDLER, 12 Beaulieu Villas, Finsbury Park, М.; 
and Messrs. A. W. Penrose and Co., 109 Farringdon Road, E.C. 


xxxii. 


Elected. 


1905 Mar. 


1894 Oct. 


1904 Mar. 


1901 Jan. 


r902 July 


1911 Sept. 


1902 Jan. 


1885 June 
1902 Dec. 


1902 Dec. 


1896 Sept. 


ооо Feb. 


1890 Nov. 


1899 Mar. 


1908 Mar. 


1905 Dec. 


1895 Oct. 


1907 June 


Igo7 Apr. 


THE JUNIOR INSTITUTION OF ENGINEERS. 


MILBURN, REGINALD Ковевт, 88 Tannsfield Road, Sydenham, 
S.E.; and Messrs. A. P. Dawnay and Sons, Nine Elms Lane, 
S.W. (506 Hop.) 


MirLEs, RoBERT ANDREW, A.M.I.E.E., 28 Milford Road, Lordship 
Lane, Dulwich, S.E.; and Postal Telephone Department, 
Mount Pleasant, London, E.C. [7558 Central.) 


*MILLER, Francis SAMUEL, 40 Chaucer Road, Bedford; and 
Messrs. H. P. Saunderson and Co., Elstow Works, Bedford. 


MILLER, HENRY WILLIAM, 29 Portland Terrace, Newport, Isle of 
Wight; and Isle of Wight Central Railway, Newport, I.W. 


MILLS, JOHN ALFRED, 344 Stapleton Road, Upper Tooting, S.W. ; 
and National Boiler and General Insurance Co., 22 St. 
Ann’s Square, Manchester. 


MILLs, STANLEY CHARLES, Elmside, The Chase, Clapham Common, 
S.W.; and Thames Ironworks, Canning Town, E. (329 Eastern. 
Thames, London.) 


MiNETT, HERBERT CHARLES, 104 Kilmorie Road, Stanstead Road, 
Forest НІП, S.E.; Messrs. James Simpson and Со., тот 
Grosvenor Road, S.W. [Aquostty, London. 805 Westminster]; 
and Hawkesbury, Chippingham, Wilts. 


MITCHELL, AUGUSTUS REGINALD, 27 Clement's Lane, E.C. 
Central. ] 


MITCHELL, F. GILBERT, 179 Earlsfield Road, S.W.; and Messrs. 
Fraser and Chalmers, London Wall Buildings, E.C. 


MITCHELL, FRANK, The Lodge, 3 Bounds Green Road, Wood 
Green, N.; and Gas Works, New Southgate. 


MITCHELL, JOHN, Engineer and Manager, Gas Works, New 
Southgate, N.; and Woodlands, Friern Lane, New Southgate. 


MITCHELL, Percy, Hillside, Wheathampstead, Herts; and Gutta 
Percha Company, Wharf Road, City Road, N. 


MITTELHAUSEN, CHARLES JULIUS ALFRED, Assoc.M.Inst.C.E., 
Bexley Urban District Council, Electric Lighting and Tramway 
Department, Car Sheds, Bexley Heath, Kent; and 10 St. John’s 
Park, Blackheath, S.E. 


MoGRIDGE, RICHARD Epwanp, 123 Fentiman Road, Clapham, S.W.; 
and Messrs. Wilson and Smith, 6 and 7 King William Street, 
West Strand, W.C. 


MorvNEux, Morris JAMES Hervey, South Metropolitan Electric 
Tramway and Lighting Co., Donnington House, Norfolk 
Street, W.C. [24 Sutton.] 


Moon, James GEoRGE, M.I.Mech.E., 14 Toronto Road, Ilford, 
Essex; and Messrs. C. and E. Morton, Millwall. (986 East.] 


Моова), FazaL GooLAMHoOSEIN, Public Works Department, 
Hyderabad (Decan), India; and Messrs. Siraj A. Vasi and Co., 
12 Custom House Koad, Fort, Bombay. 


Моове, FREDERICK WILLIAM, 56 Heinickestrasse, Essen-Ruhr, 
Germany; 5 Rue du Jardin Botanique, Liege, Belgium; and 
The Laurels, Barnstone, Notts. 


Moore, WALTER Lancs.Lot, Assoc.M.Inst.C.E., Chippenham, St. 
Albans, Christchurch, N.Z.; Jens Orten Bóving and Co., Bank 
of New South Wales Chambers, Lambton Quay, Wellington ; 
I5 The Avenue, Beckenham, Kent; and с/о Mr. А. C. Moore, 
23 Essex Strect, Strand, W.C. 


[450 


Elected. 
1901 Dec. 


1894 Oct. 


1907 Jan. 


1901 Dec 
I9o2 Mar. 


1902 


I9o2 Mar. 


List ое MEMBERS. xxxiii. 


Моокнооѕе, Тномав E., Lenmeah, Gordon Road, Chatswood, 
Sydney, N.S.W.; clo Mr. R. Samuels, Ivydene, Bay 
Road, North Sydney, New South Wales; and Teviot Station, 
Millers Flat, Otago, New Zealand. 


MonEWwoop, THOMAS CHRISTMAS, 33 Byfield Gardens, Barnes; 
and Grocers’ Engineering Co., Cole Street, Great Dover 
Street, S.E. 


MorGan, CHARLES ARTHUR, 23 Nelson Road, Stroud Green, N.; 
and Messrs. Boult, Wade and Tennant, 111 Hatton Garden, 
Е.С. [180 Holborn.) 


Mor vey, Jonn, High Street, Wath-upon-Dearne. 


Morey, JOHN, 2 Whitby Road, South Harrow; and Architect's 
Office, Great Central Railway, Marylebone. 


Morris, ARTHUR Percy, Assoc. M.Inst.C.E., Indian Public Works 
Department, Kyankoe, Upper Burmah, India; and 48 Beacon 
Road, Herne Bay. 


Morris, Davip Кіхс, Ph.D., Messrs. Morris and Lester, Carlton 
Works, Foleshill, Coventry. (84x Coventry.] 


Morris, REGINALD Gorpon, Grad. I, Mech.E., с/о Walker Bros., 
Colombo, Ceylon ; and 36 Somerfield Road, Finsbury Park, N. 


Morton, RoBERT Muir, Stud.C.E., 35 Beckenton Road, Highgate, 
N.; 20 Holmes Road, Kentish Town. N.W.; and 19 Grosvenor 
Road, Westminster, S.W. (2451 Hampstead. Mowlem, London.) 


Morty, GEgoRGE LANGLANDS, 64 Harborough Road, Streatham, 
S.W.; and Messrs. Thorne Bros., Ltd., Nine Elms Brewery, 
Nine Elms Lane, S.W. (7350 Нор.) 


MuzLLER, Отто HirpEBERT, М.І.Месћ.Е., 73 Sydenham Hill, 


S.E ; and Worthington Pump Company, 153 Queen Victoria 
Street, Е.С. (307 Bank. Pumping, London.) 


Moir, Jonn MarcorM, 28 Jermyn Street, S.W. 


Murs, RODERICK JOHN, (Compounded for Subscription), Assistant 
Civil Engineer, H.M. Dockyard, Rosyth, Fife, N.B. 


MULLARD, Epwarp, Goring Heath, Reading. 


MULLARD, GkoRGE EDWARD, Surveyor's Office, Docking (Norfolk) 
U.D.C., Docking, Norfolk; Lady Grove, Goring Heath, 
Reading. 

Morray, Epwarp WILLIAM, 38 Wilton Road, Graham Road, 
Dalston, N.E.; and H.M.O.W., Engineer's Department, 
Eastern District, 12 and 14 Middle Street, City, E.C. 


MostTarRT, JOHN WILLIAM SiMPsoN, ІІ Park Avenue, North 
Shields; and North Eastern Marine Engineering Co., Walls- 
end-on-Tyne. 

NAIDU, CuPPERSAMY NAIDU VARADA RAJALU, Overseer, L.F.P.W.D., 
Kollegal, Madras, India. 


. *NAPIER, FREDERICK DisNEY Gorpon, A.M I. Mech E., A. M.I.E.E., 


37 Rutland Park Mansions, Willesden Green, N.W. (7042 
Hariesden]; and North Metropolitan Electric Power Supply 
Co., Taylor's Lane, Willesden, N.W. (774 Harlesden.] 


Necx, FRANK ALEXANDER, II Priory Avenue, Hastings; and c/o 
General Manager, Sierra Leone Railway, Sierra Leone, West 
Africa. 


XXXIV. 


Elected. 
1902 Dec. 


1010 June 


1910 Sept. 


1002 Jan. 


1902 Sept. 
1900 Oct. 


А1800 Dec. 


1909 Feb. 
1894 May 
1910 Nov. 


А1908 Dec. 


1899 May 


1897 Mar. 
1896 Oct. 


1904 Dec. 


1900 Dec. 
I907 Oct. 


1904 Dec. 


I905 June 


I910 Mar. 


THE JUNIOR INSTITUTION OF ENGINEERS. 


NEEDHAM, CYRIL ARMITAGE, Assoc.M.I.Mech.E., 23 Rudgrave 
Square, Egremont, Liscard, Cheshire; and Water Works, En- 
gineer's Office, 52 Balls Road, Birkenhead. 


NEILL, Тномав, JUN., Oakwood, Southend Road, Beckenham ; and 
Electricity Works, St. Albans. [55 St. Albans. 730 Bromley.) 


NEVILLE, HERBERT, 31, Elsinore Road, Forest Hill, S.E.; and 


Messrs. J. Stone and Co., Ltd., Deptford, S.E. [Tostones, 
London. 1202 New Cross.] 


NEWELL, FREDERICK JOSEPH, Board of Trade Labour Exchange, 
125-126 High Street, Woolwich; 80 Cassland Road, South 
Hackney, N.E.; and 59 Rye Hill Park, Peckham, S.E. 


NEWLANDS, JAMES, 2 Harlington Place, Duncraig Street, Inverness. 


NEWMAN. KENNETH CHaRLEs Horton, A.M.I.Mech.E., Broad- 
bank Chambers, 16 Oxford Street, Harrogate (7053 Harrogate] ; 
and The Cottage, North Luffenham, Stamford. 


"NEWMAN, REGINALD WILLIAM, M.I.Mech.E. (Compounded for 


Subscriptions), P.O., Box 40, Irrigation Department, Credock, 
Cape Colony. 


NEWMAN, WILLIAM Henry, West Lodge, Totteridge, Herts. 


NEwsoN, JOHN, 25 Redruth Road, Manor Park, Lee, S.E. 


Newton, Henry Epwarp, 18 Lewisham High Road, S.E.; and 
J; Newton and Co., Verney Road, Camberwell, S.E. (2317 
op.) 


Newton, Joun McKenzie, B.Sc., 50 Beacon Road, Loughborough, 
Leicestershire; and Brush Electrical Engineering Co., Ltd., 


Falcon Works, Loughborough. [Falcon, Loughborough. 48 
Loughborough.) 


NIGHTINGALE, CHARLES FREDERICK Henry, Тһе Rest, 
Melfort Road, Norbury; and Messrs James Simpson and 
Co., тог Grosvenor Road, London, S.W. [Aquostty, London. 
805 Westminster.) 


NORMAN, GEORGE FREDERICK ALEXANDER, A.M.I.E.E., 26 Kew 
Road, Richmond, S.W. 


NoRMAN, MATTHEW BLACKWOOD. 


" Glenroy," West Hill Road, 
Cowes, Isle of Wight. 


NowLaAN, Horace Jonn, 7 Gordon Terrace, Torpoint, R.S.O., 


Cornwall; and Superintending Civil Engineer's Department, 
H.M. Dockyard, Devonport. 


O'BRIEN, JEREMY ELLIS, 46 Rosebank Avenue, South Harrow. 


OGILVIE, JoHN А. G., 13 Coverdale Road, Shepherd’s Bush, \У.; 
and Messrs. Everett, Edgcumbe and Co., Ltd., Collendale 
Works, Hendon, N.W. [136 Hampstead.) 


OLIVER, GEORGE, 13 Bulkeley Road, Norbury, S.W.; and Ocean 
Accident and Guarantee Corporation, Ltd., 5 Sun Street, 
Finsbury, Е.С. (7446 London (ай, 


ORME, CHARLES TEMPLE, Assoc.M.I.Mech.E., с/о Messrs. Ale- 
founder and King, 20a Conewood Street, Highbury (779 
Hornsey] ; and 213 Uxbridge Road, W. 


Ові.амр-|омвв, Jonn Henry, Messrs. Peter Brotherhood and Co., 
Peterborough; and оі High Road, Lee, S. E. 


Elected. 


List ов MEMBERS. XXXV. 


1895 Oct. *Oswarp, JAMES, A.M.I.Mech.E., 26 Honeywell Road, Wands- 


1910 Dec. 


1900 Dec. 


1903 Sept. 


1907 Nov. 
1902 Jan. 


1892 Feb. 


1901 Sept. 


1895 Sept. 


1895 Nov. 
1890 Dec. 


1904 Nov. 


1900 Oct. 
А1905 Oct. 
1902 Oct. 


Атооо Dec. 


1909 June 


1903 Nov. 


1898 June 


1893 Sept. 


worth Common, S.W.; and Messrs. J. Oswald and Sons, 
Sleaford Street, Nine Elms, S.W. [2777 Нор.] 


OswaLp, JAMES, с/о К. White, 3 Victoria Street, Westminster, 
zd [7784 Victoria. Brentesia, London]; and 122 Lavender 
ill, S. W. 


OswaLD, JOHN, Jun., Gowanlea, Wakehurst Road, Clapham Com- 
mon, S.W.; and Messrs. John Oswald and Sons, Sleaford 
Street, Nine Elms, S.W. (2777 Нор.) 


Otway, Percy Macewan, Stud.C. E., Cranbrook, Langton Road, 
East Molesey, Surrey; and Roxburg, St. George, Grenada, 
West Indies. 


OVERING, Epwin GEonGE, зо Furzefield Road, Blackheath, S.E. 


Охвком, CHARLES Epwarp, Assoc.M.I.Mech.E., 116 Park Road, 
Chorley, Lancs. ; and Manchester Corporation Water Depart- 
ment, Manchester. 


Pace, FRANK HaRoLp, І Carlton Road, New Malden; Newells' 
Insulation Co., Ltd., 138 Narrow Street, E. ; and с/о Mr. Geo. 
F. Page, Eagle Chambers, Kingston-on-Thames. 


PArMER, PERCY WILLIAM EmNEST, Oakridge, Hallowell Road, 
Northwood, Middlesex; Engineer's Office, Great Central Rail- 
way, Marylebone. 


Paris, HENRY ADOLF, Assoc.M.I.Mech.E., 664 Emmanuel Road, 
Balham, S.W.; and L.C.C., Engineer's Department, Spring 
Gardens, S.W. 


PARKER, HERBERT Ерсав, Chalfont, Madeley Road, Ealing, W. 


PARKER. MarTIN Rocers, Malilla, Haslucks Green Lane, Shirley, 
near Birmingham; and Messrs. Bodill, Parker and Co., Great 
Hampton Row, Birmingham. 


PARRACK, HERBERT, 133 Croxted Road, West Dulwich, S.E.; and 
Peterhouse, Cambridge. 


PARRACK, WILLIAM T., M.I.Mech.E., 133 Croxted Road, Dulwich, 
S.E.; and 138 Leadenhall Street, Е.С. (1345 Central.) 


*Parsons, RoBERT Hopson, Assoc.M.Inst.C.E., Peter Brother- 
hood and Company, Peterborough. 


Paterson, RoBERT Tuomas, 17 Hengist Road, Northumberland 
Heath, Belvedere, S.O., Kent. 


Paterson, WiLLiAM, M.IMech.E., Engineering Co., Amberley 
House, Norfolk Street. Strand, W.C. [6560 Gerrard); and 
91 The Avenue, Muswell Hill, N. 


Paton, JAMES INNES. 13 Queen's Road, Erith; and c/o Messrs. 


Chas. Price and Co. Oil] Works, Belvedere, Kent. [73 
Wooltwich.] 

Patten, Horace, East Ham District Council's Electricity Works, 
East Ham, E. 


PAUL, ARCHIBALD REUBEN. 


Payne, EDMUND WILLIAM, Assoc.M.Inst.C.E., 104 Drakefell Road, 
New Cross, S.E.; and Messrs. Matthew T. Shaw and Co., 
The London Constructive Iron and Bridge Works, Millwall, 
E. (Constructive Iron Works, London. 58 East.) 


XXXVI. THE JUNIOR INSTITUTION OF ENGINEERS. 


Elected. 


1900 July Payne, WILLIAM ERNEST, 34 Credon Road, South Bermondsey ; 
and South Metropolitan Gas Company, 709 Old Kent Road, 
S.E. (14200 Central.) 


1900 Oct. Ркавр, WirLIAM Harrison, Old Nic Mine, Bulawayo, Rhodesia ; 
c/o Mr. J. R. Donaldson, 2 Exchange Buildings, Dundalk; and 
Bel Castro, Sutton, Baldoyle, Co. Dublin. 


A1894 Jan. “PEARSON, JOHN HERBERT, M.S.A., Messrs. Geo. Pearson and Son, 
212 and 213 Upper Thames Street, E.C.; and Studley, 106 
Woodside Green, S.E. (736 City.) 


1905 Dec. PENBERTHY, ERNEST, Copper Range Consolidated Co., Painesdale, 
Houghton County, Michigan, U.S.A.; and North View, 
Illogan, Redruth. 


1905 June PENDLETON, WILLIAM JAMES, Superintending Engineer, Emperor 
Navigation, Ltd., Kismayu, B.E. Africa. 


1904 June PgNN-SiMKINs, GEORGE, Municipal Engineer's Office, Benares, 


India. 
1899 May Penrose, THomas, Hazeldene, Wardle Road, Sale, near 
Manchester. 


1801 Aug. *PERKINS, Lortus Patron (Compounded for Subscriptions), 17 
Shardu Road, Cricklewood, N.W.; and Messrs. A. C. Wells, 
Midland Road, St. Pancras, N.W. (347 King's Cross.] 


1801 Aug. PERKINS, LupLow Patron, ІІ Regent Street, Lancaster; and 
Lune Valley Motor Carriage Co., Lancaster. 


1904 Nov. Perry, WILLIAM GEORGE, 70 Tudor Street, Upton Park, Essex. 


1895 April PETERS, JAMES Davip, 2 Crouch Hall Road, Crouch End, N.; and 
Messrs. H. Young and Co., Nine Elms Iron Works, Nine Elms, 
S.W. 


I9gII July Реттіт, ARTHUR RayMOND, 45 Drakefield Road, Upper Tooting, 
S.W.; clo W. A. Tookey, 212 Upper Thames Street, E.C. 
(736 City.] 
A19o4 Mar. *Ретит, CHARLES WiLLIAM, M.I.Mech.E., Waterworks, Accra, 
Gold Coast Colony, West Africa; and c/o Crown Agents for 
the Colonies, Whitehall Gardens, S.W. 


1904 Mar. Реттіт, EDWARD ARTHUR, The Engineers’ Universal Supply Stores, 
25 Sumner Street, Southwark [O:ltanks, London. 5866 Central]; 
and 45 Drakefield Road, Upper Tooting. 


1906 Feb. PETIMAN, CHARLES WALTER, с/о Mr. E. К. Bartholomew, Durl- 
ston, Mount Albert, Melbourne, Victoria; Burford Cottage, 
Victoria Street, Box Hill, Melbourne, Victoria; and 95 Tierney 
Road, Streatham Hill, S. W. 


1900 Dec. *PEvRECAVE, GASTON К. ре, Assoc.M.Inst.C.E., до Brunswick 
Terrace, Hove; and c/o Messrs. Pearson and Son, Caixa 448. 
Para, Brazil. 


Атооо Nov. PEvRECAVE, Louis Francois DE, Аѕѕос.М Inst.C.E., 28 Budge 
Row, Cannon Street, E.C.; and 4o Brunswick Terrace, Hove. 


1900 Feb. PHILLIPS, CHARLES WILLIAM, тот Glyn Road, Clapton, N.E. ; 
and North London Railway Works, Bow. 


1906 Mar. PHiLLiPS, WILLIAM ARTHUR, 45 Churchill Street, Stockport Road, 
Manchester. 


1902 Jan. *Puirror, Hanorp Percy, Wh.Sc., B.Sc., A.M.I. Mech.E., Engineer- 
ing Laboratory, University College, Gower Street, W.C.; and 
66 Woodland Rise, Muswell Hill, N. 


Elected. 
A1898 Oct. 


1902 Dec. 


1904 June 


1911 Jan. 


I905 Dec. 
1909 Dec. 


I909 Aug. 


1907 Nov. 


I904 Apr. 


Атбот Aug. 


1905 Oct. 
1909 Dec. 


1908 Oct. 


I907 June 
1903 Apr. 


1896 Jan. 


1903 Mar. 


A1893 Sept. 


А:892 July 


1907 Oct. 


1894 May 


List oF MEMBERS. ХХХУЇЇ. 


*PILLING, FREDERICK Ѕтотт, M.I.Mech.E., Beech Croft, Dews- 
bury Road, Wakefield; and Canadian Bank of Commerce, 
Vancouver, B.C. 


Pitt, ARTHUR GEORGE, 5 Hillside, Maldon, Essex: and Messrs. 
E. H. Bentall and Co., Heybridge, Maldon, Essex. 


Pitt, HERBERT WINCHESTER, 2 Diamler Road, Coventry; The 
Diamler Company, Coventry; and 49 Finsbury Pavement, 
E.C 


Рі.лізтек, WILLIAM Epwarp, Assoc.M.I.Mech.E., Pimbury House, 
Tottenham; and Messrs. Lloyd and Plaister, Motor Works, 
Wood Green, М. [1948 Tottenham.] 


Poncon, ARNOLD SIDNEY Divoiry, 20 Underhill Road, East 
Dulwich, S.E. 


Poore, ARTHUR Носн, c/o Messrs. Poole & Steel, Australian 
Dredging and Engineering Works, Stephen Street, Balmain, 
Sydney, New South Wales. 


Poore, Howard Tuomas, Hoffman Manufacturing Co., Chelms- 
ford. 


Pore, EDWARD THOMAS FREDERIC, 2 Carlton Terrace, Finchley 
Road, London, N.W.; and Metropolitan Water Board, 
Southern District, Southwark Bridge Road, E.C. 


*PoRTER, EusTACE Wm., Assoc.M.Inst.C.E., London and South 
Western Railway Co., Engineer's Office, New Docks Office, 
Southampton; and Glentuce, St. Deny's Road, Southampton. 


Pott, Сокром УУп он, с/о Mrs. Nelson, 22 Frederick Road, 
Aston, Birmingham ; and The Electrical and Ordnance 
Accessories Со., Cheston Road, Aston, Birmingham; and 
Prestbury, 2 Holland Avenue, Sutton, Surrey. 


Potts, SAMUEL, c/o 15 Grove Park Road, Tottenham; Arthur G. 
Enoch and Co., Ltd., Fountyne Road, Broad Lane, Tottenham 
(63 Tottenham] ; Eglantine Villas, Stowmarket, Suffolk. 


PowELL, FRANK Epwarp, Albany, near Auckland, New Zealand; 
and Auckland Harbour Board, Auckland, New Zealand. 


PowzrL, HENRY, 55 Church Street, Gainsborough; and The 
Northern Manufacturing Co., Ltd., Gainsborough. 


Роуғвіл, WILLIAM Henry, Heather Dene, Farnham Common, 
Slough; and Messrs. Pauling and Co., Ltd., Contractors 
Office, Beira, E.C. Africa. 


Power, JOSEPH CHARLES, The Advance Motor Manufacturing Co., 
Louise Road, Northampton; and 69 Durban Road West, 
Watford, Herts. 


PowRig, WILLIAM, M.I.Mech.E., 65 Bromfelde Road, Clapham, 
S.W.; and Messrs. Furnival and Co., 32 St. Bride Street, E.C. 
(7527 Holborn.] 


Pownig. WiLLIAM LyaLL, A.M.I.Mech.E., 65 Bromfelde Road, 
Clapham, S.W.; and Messrs. Furnival and Co., 32 St. Bride 
Street, Е.С. (1527 Holborn.] 


Press, WILLIAM Epwarp, New Melton Hotel, New Melton, 
Hamps. 
PRESTWICH, JOHN ALFRED, A.M.I.Mech.E., Messrs. J. A. Prestwich 


and Co. 1 Lansdowne Road, Tottenham (7822 Tottenham] ; 
and Normanhurst, St. Vincent's Road, Westcliff-on-Sea. 


xxxviii. THE JUNIOR INSTITUTION OF ENGINEERS. 


Elected. 


1902 Apr. PRICHARD, CHARLES Henry, Linotype and Machinery, Ltd., 
Broadheath, near Manchester; and Westfield, Portland Road, 
Bowden, Cheshire. 


1910 Feb. PnRiEsTLEY, Percy WILLIAM, 8 Cumberland Avenue, Gravesend ; 
and Canal Engine and Boiler Works, Gravesend. 


1903 Nov. PucH, Lewis WILLIAM, 2А Mildenhall Road, Clapton, N.E.; 
Electricity Works, West Ham Corporation, Canning Town, E. 
[1506 East]; and 30 Queen Ann Road, South Hackney, N.E. 


1890 July Purpom, WALTER ALEXANDER, M.I.E.E., The India Rubber, Gutta 
Percha, and Telegraph Works Co., Ltd., 279 George Street, 
Sydney, New South Wales; and с/о Messrs. Thomas Purdom 
and Sons, Hawick, N.B. 


1902 Мау “Клітт, CHARLES PALMER, 137 St. Augustine Road, Southsea; 
H.M. Dockyard, Portsmouth; and 8 Garway Road, Bays- 
water, W. 


1904 Dec. Ramsay, Henry, 83 Delaford Road, South Bermondsey, S.E.; and 
Messrs. R. Waygood and Co., Falmouth Road, S.E. [760 Hop.] 


1806 Oct. RANDALL, ALEXANDER BroprisB, M.I.E.E., Resident Engineer 
and Manager, Salisbury Electric Light and Supply Company, 
Townmill, Salisbury ; and Verona, Victoria Road, Salisbury. 


1901 June RANDALL, CHARLES RUSSELL JEKYL, R.N., St Julian's Avenue, 
Guernsey ; and H.M.S. “Негпоіпе,” Barrow-in-Furness. 


1910 Jan. RANDALL, WILLIAM, 44 Arundel Terrace, Castlenau, Barnes; and 
Vulcan Works, Castlenau, Barnes. (603 Putney. Randall, 
Barnes.) 


1898 May *RasEY, ALFRED ERNEST, A.M.I.Mech.E., Messrs. Mellowes and 
Co., 28 Victoria Street, Westminster, S. W. (568 Westminster] ; 
and Cleaver Hall, Champion Hill, Denmark Hill, S.E. 


1910 May RAVENSHEAR, ALBERT Epwarp, 2 Berwick Street, Oxford Street, 
W.; and Messrs. James Keith and Blackman Co., Ltd., 443A 
Holloway Road, N. (7497 City.] 


1894 Nov. *RawortH, JOHN Ernest, АТЕ.Е., Queen Anne's Chambers, 
Tothill Street, Westminster; and 28 lItavensdale Mansions, 
Crouch End. М. (Ratworthic, London. 2025 Victoria.) 


1902 May Reap, JOHN THEODORE, Engineering Dept., c/o Asiatic Pet. Co., 
Winchester House, Singapore; and Cadbyrie House, Castlebar 
Hill, Ealing, W. 


1905 Dec. Reason, THomMas AUGUSTUS, 243 Southwark Bridge Road, 
Borough, S.E. (2635 Нор.] 


1909 Jan. Кеш, GEoRGE EpwaRD, of Calcutta; c/o Messrs. Grindlay and Co., 
54 Parliament Street, S. W. 


4А1888 Dec. *Reip, HERBERT CARTWRIGHT, M.Inst.C.E., Superintending Civil 
Engineer, H.M. Dockvard, Rosyth, N.B. 


1900 Jan. RExworRTHY, Haro_p SiBREE, A.M.I.Mech.E., 2 Everest Road, 
Eltham, Kent; and East Ferry Road Engineering Works, 
Millwall, E. (202 Eust.] 


1909 Nov. .Кісн, Тнкороке, Assoc.M.Inst.C.E., 104 St. George's Square, 
S.W. (5682 Westminster.] 


1910 Dec. Кіснакрвом, James, B.Sc.(Lond.) Stud.Inst.C.E., roo Bothwell 
Street, Glasgow; “ Garshake," Clarence Road, Clapham Park, 
S.W. (7066 Brixton] ; and Messrs. Vickers, Ltd., 32 Victoria 
Street, S.W. [842 Westminster. Vickers, London.] 


Elected. 
1896 Sept. 


1906 June 


1904 Dec. 
1904 Sept. 


1905 Dec. 


1900 Dec. 
1902 Mar. 


1910 May 


1905 Mar. 


1903 Sept. 


1897 May 


1902 Oct. 


1908 Jan. 


1910 May 
1901 Feb. 


1899 Sept. 
1909 Oct. 


1907 June 


1910 Nov. 


1909 Feb. 


List or MEMBERS. xxxix. 


а 


RICHARDSON, THOMAS HENRY, В.А І, M.Inst.C.E.I., 26 Belgrave 
Square, Rathmines, Ireland; and Professor of Civil Engineer- 
ing, Civil Engineering College, Sibpur, Howrah, Bengal. 


Кіскік, JAMES HPBURN, B.Eng., StudInst.C.E., Assistant 
Engineer, c/o The Agent, Burma Railway Co., Ltd., Rangoon, 
Burnia, India; and Manor House, Newnham-on-Severn, 
Gloucestershire. 


Rickwoop, Henry Jonn, с/о Dr. H. S. Hele-Shaw, 64 Victoria 
Street, S. W.; and Elmstead, Purley Park Road, Purley, Surrey. 


Rickwoop, HERBERT CEcIL, Pinewood Road, Eaglescliffe, S.O., 
Yorkshire ; Power Gas Corporation, Parkfield Works, Stockton. 


Rigs, AporPH HotetTr, Great Eastern Railway, Locomotive 
Department, Stratford Works, E. [974 East]; and с/о Mr. 
C. Acret, Thurlow House, 43 Rosslyn Hill, Hampstead, N.W. 


RISBOROUGH, ERNEST JOHN, 6 Sydney Road, Gillingham, Kent. 


Ковектв, Epwarp Drayton, 19 Warwick Terrace, Singlewell 
Road, Gravesend, Kent; and The Associated Portland Cement 
Manufacturers, Ltd., Gravesend. 


ROBERTS, GEORGE Сооррем, Grad.Mech.E., Messrs. Boult, Wade 
and Tennant, 111 Hatton Garden, E.C. [780 Holborn. Boult, 
London.] 


RoBERTs, GustavE Tuomas, c/o Mr. R. A. Fraser, Helena, 
Montana, U.S.A. 


RoBERTS, JULIAN ASHE, Lavender, Marius Road, Balham, 
S.W.; and Messrs. Marshall and Woods, 21 Park Road, Acton, 
W. 


RoBERTs, WILLIAM PouUuLTER, A.M.I.Mech.E., Public Works 
Department, Divi Pumping Project, Avinigudda P.O., Kistna 
District, Madras Presidency, India. 


RoBERTSON, ANDREW, Stonelaw House, Rutherglen, N.B.; and 
Steel Company of Scotland, Hallside Works, Newton, Lanark- 
shire. 


ROBERTSON, THOMAS Epwarp, 104 Victoria Street, S.W.; and 
132A Abbey Road, St. John’s Wood, N.W. 


Rosson, SELBY Travers, University College, Gower Street, W.C. 


RoBus, GgzonGE Henry, A.M.I. Mech.E., 84 West Street, Sheffield ; 
and 26 Ribblesdale Road, Streatham, S.W. 


RocHE, ERNEST CASTLE, A.I.E.E., 86 Windmill Street, Gravesend. 


Rocers, WILLIAM GEORGE, 826 Ashton Old Road, Higher 
Openshaw. Manchester ; and Messrs. B. and S. Massey, Steam 
Hammer Works, Openshaw, Manchester. 


RoGERSON, JOHN GEoncE, Laurel Bank, South Street, Scots- 
toun, N.B.; and Messrs. James Menzies and Co., 52 Mount 
Street, Glasgow. 


ROLLASON, FREDERICK ARTHUR, 13 Lime Grove, Long Eaton, near 
Nottingham ; and The Wolseley Tool and Motor Car Company, 
Limited, Birmingham. 


RosE, FREDERICK AuToINE, Stud.Inst.C.E., c/o Sir Herbert 
Marshall, Sons and Rose, Malden Works, Malden Crescent, 
Kentish Town, N.W.; Framzelle, Godstone Road, Purley, 
Surrey ; and Maxwell House, Arundel Street, Strand, W.C. 


xl. THE Junior INSTITUTION oF ENGINEERS. 


El ected, 


1909 July Кок, Tuomas Harovp, Hendall, Uckfield, Sussex ; and 30 North 
Street, Brighton. 


1903 Sept. Rose, WiLLiAM Henry, Ivy Cottage, Gainsborough; and Albion 
Works, Gainsborough. 


1905 Mar. Ross, Актнов, Jun., F.I.C., Messrs. Arthur Ross, Hotchkiss and 
Co., 1 Glengall Road, Old Kent Road, S.E. [Disincrust, 
London. 977 Hop]; and 512 Lordship Lane, Dulwich, S.E. 
[7063 Sydenham.] 


1907 May Ross, Davin ANGUs, 231 Upper Richmond Road, Putney, S.W. ; 
and Messrs. Bartlett and Ross, 17 Fleet Street, Е.С. [8074 
Central.] 


1902 Jan. Ross, James WirrtiaM GeorGE, Silverdale, Babington Road, 
Streatham, S.W.; and The Boilerine Manufacturing Co., 
8854 Old Kent Road, S.E. [Boztlerine, London. 220 Streatham, 
216 Hop.] 


1898 Oct. RowrEpGE. ARTHUR JOHN, 43 Dora Road, Small Heath, Birmingham; 
and Wolseley Tool and Motor Car Co., Addesley Park, 
Birmingham. 


A1893 June *Косс, Lewis Henry, Assoc. M.Inst.C.E., Queen Anne's Chambers, 
Dean Farrar Street, Westminster, S.W. [2555 Victoria]; and 
46 Wyatt Park Road, Streatham Hill, S. W. 


1905 Dec. Rust, REGINALD SHurty, Heath House, North Walsham; S.S. 
1909 April "'Thongwa," c/o Messrs. Benny and Co., Madras; and с/о 
B. I. Engineer's Club, 1 Vansittart Row, Calcutta, India. 


1897 Dec. RUTHEN, CHanLES TaMLIN, A.M.I.Mech.E., Bank Chambers, 
Heathfield Street, Swansea. 


1904 Jan. St. JOHNSTON, THOMAS ANNANDALE, 118 Marylebone Road, Baker 
Street, W.; and Borough of St. Marylebone Electric Supply, 
Sales Department, 19 and 20 York Place, W. (771 Paddington.) 


1009 Dec. Sr. LEGER, ADIN Antony Hayes, Summerville Gardens, Latchford, 
Cheshire. 


1903 April SaprER, Jonn, Messrs. Everett, Edgcumbe and Co., Collingdeep 
Lane, Hendon, N.W. 

1910 May бассев, Момвні Ram, Civil Engineer, Patiala State, Kacha 
Patiala, Punjab, India. 

1908 May SANDBERG, Oscar FREDOLF ALEXANDER, Assoc.M.Inst.C.E., 
Palace Chambers, Bridge Street, Westminster. [788 Westminster. ] 

1903 Feb. SANDERS, GEORGE ERNEST. 


1905 Feb. бамрекв, Henry Rimer, P.O. Вох 3522, Johannesburg; and 3 
Cardigan Road, Richmond, Surrey. 


1902 Dec. SANDERSON, CHARLES JAMES Lacy, c/o Construction Department, 
Canadian Pacific Railway, Winnipeg, Canada; and Atherstone, 
Bearsden, near Glasgow. 


1909 Mar. SAUNDERS, STRATFORD CANNING, 13 Herbert Gardens, Willesden, 
N.W.; and Waterlow and Sons, Engineer’s Department, 15 
Appold Street, Finsbury, E.C. 


1906 Feb. Sawyer, WILLIAM Jonn, c/o Messrs. Sawyer and Dyer, Belvedere 
Works, Belvedere Road, Lowestoft. 


1897 Dec. Sayer, EGERTON, Electricity Works, Lithos Road, Hampstead, 
N.W.; and 26 Gondar Gardens, West Hampstead. 


Elected. 
1909 Nov. 


1905 April 


1909 June 


1908 Aug. 


1900 Dec. 


1907 June 


1902 Jan. 


1910 July 


1909 Oct. 


1896 April 
1397 Mar. 


1395 Jan. 
1910 Oct. 


1897 Dec. 


1891 Feb. 


1907 Jan. 


1904 Jan. 


1899 Feb. 


List or MEMBERS. xli. 


SCHOFIELD, HERBERT, Assoc.M.I.Mech.E., 30 Fielding Road, 
The Avenue, Bedford Park, W.; and Imperial College of 
Science and Technology, South Kensington. (764 Western.) 


ScHROTH, CARL FREDERICK, Messrs. Drake and Gorham, Drawing- 
Office, 66 Victoria Street, Westminster, S.W.; and 48 Mercers 
Road, Tufnell Park, N. 


Scott, ARTHUR JAMES, Thelma, 74 Greenway Avenue, Taunton, 
Somerset ; and Messrs. Euston and Johnson, Ltd., Taunton. 


SEABROOK, WILLIAM Harcourt, 27 Boyne Road, Lewisham, S.E.; 
and Messrs. Capel and Co., 168 Dalston Lane, М.Е. 
(Educate, London. 52 Dalston.) 


SEAGER, FREDERICK HENRY, Overy House, Overy Street, Dart- 
ford, Kent; and Messrs. L. J. and C. Seager, Ltd., Dartford, 
Kent. [26 Dariford.] 


SETTI, SRIRAM VENKATA SUBBA, B.A., c/o The Secretary, Faraday 
House, 62 Southampton Row, W.C.; Sub-Asst. Engineer, 
Water Supply and Stores Division, Bangalore City, Mysore 
Province, India. 


SEWELL, HERBERT WILLIAM, c/o Col. T. Davies Sewell, Temple 
House, Temple Avenue, E.C.; and 169 Trinity Road, Upper 
Tooting, S.W. 


SHAND, KEITH Rag, Post Office, Bayville, Cape Colony, South 
Africa. 


SHAW, CHARLES FARQUHAR, 1511 Washtenaw Avenue, Ann Arbor, 
Mich., U.S.A.; and Messrs. Wm. Brown and Co., Queen's 
Room, Dunedin, N.Z. 


SHEFFIELD, FREDERICK GERARD, Assoc.M.Inst.C.E., The Island, 
Twickenham, Middlesex. 


SHEPHARD, THOMAS FREDERICK GRANT, c/o T. Cook and Son, 
Ludgate Circus, E.C., Assistant Electrical Engineer (Tele- 
graphs). Bombay, Baroda and Central India Railway, Ajmeer, 
Rajputana, India. 


SHEPHARD, WILLIAM Henry, Assoc.I.E.E., 53 Sotheby Road 
Highbury, N.; and 3 Crown Court, Old Broad Street, E.C. 


SHERRIFF, WILLIAM, го Turner's Hill, Cheshunt, Herts; and Fins- 
bury Pavement House, Е.С. [7965 Central. Khalifa, London.] 


SHERWIN, J. WarLIs, A.M.I. Mech.E., 354 Main Street, Winnipeg, 
Canada [Sherwin, Winnipeg] ; and Glengariff, Stowmarket, 
Suffolk. 


SHORT, FREDERICK MARTIN, A.I.E.E., Messrs. Balmer, Lawrie and 
Co., 103 Clive Street, Calcutta; 235 Lower Circular Road, 
Calcutta; Post Box 4, Calcutta; and D'Urban Lodge, Wood- 
church Road, West Hampstead, N.W. 


SHORTHOUSE, BENJAMIN, Messrs. B. Shorthouse, Fisher and Co., 
7 Quality Court, W.C. (4447 Central.] 


SIMPSON, ALEXANDER JAMES, 35 Arnold Gardens, Oakthorpe 
Road, Palmers Green, N.; and City of London Wood Wool 
Co., Plover Works, Hackney Wick, Е. [3398 East.] 


Ѕімрѕом, THOMAS GODFREY, c/o Messrs. Т. B. Cooper and Co., 
16 Church Street, Christchurch, Hants; The White House, 
Manor Road, Christchurch, Hants; and Turf Lea Cottage, 
Marple, Cheshire. 


xlii. 


Elected. 
1905 Feb. 


1907 Oct. 


1907 Oct. 


1903 Dec. 


A1893 Dec. 


1909 June 


A1903 May 


1906 April 


1910 Mar. 


1903 April 
1907 Oct. 


1904 Dec. 


I9oo0 Dec. 


1890 Dec. 
1890 Dec. 


1904 Dec. 


1897. May 
1898 Dec. 


1894: Feb. 


1909 June 


THE ]омов INSTITUTION OF ENGINEERS. 


Sims, Henry CHaRLES, Assoc.M.Inst.C.E., Holmdene, Woodcote 
Valley Road, Purley, Surrey; and South Metropolitan Gas 
Co., 709 Old Kent Road, S.E. 


SiNCLAIR, WiLLIAM WALLACE, 36 Elfindale Road, Herne Hill, 


S.E.; and Engineer, P. & O. S. N. Co, 122 Leadenhall 
Street, E.C. 


SINGLETON, CUTHBERT, Kinloch, Tanzieknowe, Cambuslang ; 
Scottish Boiler Insurance and Engine Inspection Company, 
174 West George Street, Glasgow; and 138 Adelaide Koad, 
South Hampstead, N.W. 


SKEET, ALBERT, 37 Chryssell Road, Brixton, S.W.; and Messrs. 
Isler and Co., Bear Lane, Southwark. 


SMITH, ALFRED HENRY NEWsAM, Ashcroft, New Barnet, Herts; 
Messrs. Frederick W. Smith and Co., 1 and 2 Great Winchester 
Street, Old Broad Street, Е.С. [Smithery, London]; and 2 
Yerbury Road, Tufnell Park, N. 


SMITH, ARTHUR WILLIAM BERTRAM, 46 Sandringham Road, 
Leyton, N.E.; and Hal Williams and Bridges, 3 Salters’ Hall 
Court, Cannon Street, Е.С. [4960 London Wall ] 


*SMITH, CHARLES Новевт, А.М.ГЕ.Е., 6 Parliament Hill, Hamp- 
stead, N.W.; and Sale Department, St. Marylebone Borough 
Council, Electricity Supply Department, 36 Aybrook Street, 
Manchester Square, W. (5021 P«ddington.] 


SMITH, Evwin, Messrs. Werner, Pfleiderer and Perkins, Westwood 
Works, Peterborough ; and 112 Erlanger Road, New Cross, S.E. 


ӛмітн, HAROLD ARTHUR, 112 Long Acre, W.C.; and Messrs. 
Marks and Clerk, 57 and 58 Lincoln's Inn Fields, W.C. [836 
Holborn.  Marklerh, Londen.) 


SMITH, MoNTAGUE Howarp, 55 Lonsdale Road, Kilburn, N.W. 


SMITH, 5ТЕРНЕМ CHARLES. 97 Highfield Street, Great Heath, 
Foleshill, Coventry ; and Coventry Ordnance Works, Coventry. 


SMITH, SYDNEY AnrHUR, F.S.I, Messrs. Weatherall and Green, 
22 Chancery Lane, W.C. (555 Holtorn.] 


SMITH. WILLIAM James, Draughtsman, Works Department, Н.М. 
Dockyard, Pembroke; and 43 Lawes Street North, Pembroke 
Dock. 


SNEATH, JOHN, 168 Burdett Road, E. 


SNEATH, JOHN GEORGE, 5 Wallwood Road, Limehouse, E.; and 
32 West India Dock Road, E. 


SPEAKMAN, о Messrs. Babcock and Wilcox, Oriel House, 
Farringdon Street, Е.С. [7747 Holborn.) 


SPILLER, CLAUDE, A.M.I.Mech.E., 54 Hanover Road, Plumstead, 


Woolwich; and Royal Carriage Department, Woolwich 
Arsenal. 


SPITTLE, DaviD Скокси, 91 Wellington Road, Wanstead, N.E. ; 
and Operative Department, The Royal Mint, London, E.C. 
(749 Central.] 


Spon, CHARLES ALFRED, A.I.E.E., о Hall Place Gardens, St. 
Albans; and Messrs. E. and F. N. Spon, 57 Haymarket, S.W. 


Squire, Rupert Henry, Messrs. Dorman, Long and Co., 17 
Victoria Street, Westminster, S.W. (152 Westminster.]; and 
“ Lyons," London Road, Braintree, Essex. 


Elected 


1906 Jone 


1908 May 
1902 Dec. 
1899 Nov. 


1897 Jan. 


A18g2 Маг. 


1904 June 


1891 Feb. 


1897 May 


1903 Sept. 


1896 Oct. 


1909 Nov. 


1905 Mar. 
1898 Jan. 
1908 Oct. 


1900 July 


1886 Oct. 
I9o1 May 
1008 Mar. 
1910 June 


1902 Dec. 


1908 May 


1909 Oct. 
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SQUIRRELL, ELIJAH EDWARD, 15 Harrington Road, South Norwood, 
S.E. 


SRINIVAS, G. VENKATACHALA. 


STACEY, WILLIAM Henry, Ingleside, Coleshill, Birmingham. 


STAM, ARTHUR Henry Drake, 161 Gloucester Road, Regent's 
Park, N.W. 


STANGER-LEATHES, LEONARD GRAHAM, A.I.E.E, с/о Messrs. 
Mather and Platt, Ltd., Colmore House, Waterloo Street, 
Birmingham ; and 104 Bristol Road, Birmingham. 


*STANLEY, ARTHUR Носн, F.C.I.P.A., Messrs. Stanley, Popplewell 
and Со. 38 Chancery Lane, W.C. (Notions, London. 1763 
Central. } 


STANLEY, ROWLAND |онм, 24 Springfield Road, Millhouses, Shef- 
field; and Board of Trade Labour Exchange, Sheffield. 


STEPHENSON, SIDNEY OSBORNE, Engineer and Manager, The Gas 
Works, Tipton; and Skodsborg, Claremont Road, Forest 
Gate, E. 


STEVENS, CHARLES, Englefield, Hillcroft Crescent, Ealing. 


STEVENS, HERBERT CHARLES MCCLEOD, 139 Mount Pleasant Road, 
Lewisham, S.E.; and Thames Iron Works, Greenwich. 


STEVENS, SAMUEL GEORGE, 134A Valetta Road, Acton, W.; and 
164 Lillie Road, Fulham, S.W. 


STEWART, WILLIAM WiMsHURsT, 174 West Green Road, South 
Tottenham, М. [83 Tottenham] ; and Messrs. С. Wailes and 
Co., 386 Euston Road, N.W. 


5т1ск\оор, SYDNEY, 7 Springfield Road, St. John's Wood, N.W. 
and 57-58 Chancery Lane, W.C. 


STODDART, CYRIL, Assoc.M.Inst.C.E., 62 Drayton Road, North 
End, Portsmouth ; and H.M. Dockyard. Portsmouth. 


STONE, ERNEST Скоксе, 67 Winsham Grove, Clapham Common, 
S.W,; and c/o uc un Oswald, 26 Honeywell Road, Wands- 
worth Common, S.W. 


*STORRAR, ADAM YouNG, Assoc.M.Inst.C.E., Engineer's Office, 
Rohilkund and Kumaon Railway, Assistant Engineer's Office, 
Sitapur, U. P. A. & O. India; and 82 Buccleuch Street, Garret 
Hill, Glasgow. 


STOTESBURY, RICHARD HENRY, Homeville, Stonehouse, Glos. 


STRETTON, JOHN, Durdant Gardens, Kedleston Road Brewery, Derby. 


SrRODE, Млов!сЕ, Е.С.Г.Р.А., с/о Mr. B. E. Dunbar Kilburn, 
Chancery Lane Station Chambers, High Holborn, W.C. 
[Bedhil, London. 8538 Centval.] 


STRUTT, JOHN WILLIAM, Constantine Road, Ipswich; and Borough 
of Ipswich Sewerage Works, Ipswich. 


STUBBS, ARTHUR, 82 Murdock Road, Handsworth, Birmingham ; 
The Smethwick Stamping Co., Stamping Works, Bridge 
Street, Smethwick, Staffs. ; and 126 Thornbury Road, Osterley 
Park, Isleworth, W. 


STURGEON, GEORGK BERKELEY, White House Inn, Creswick Street, 
Walkley, Sheffield; and Sheffield Corporation Tramways 
Power Station, Kelham Island, Sheffield. 


xliv. THE JUNIOR INSTITUTION OF ENGINEERS. 


Elected. 

1904 Dec. SuMMERs, JosEPH Morton, 693 Coventry Road, Small Heath, 
Birmingham. 

1905 Feb. Summers, OLIVER’ CHARLES, Westminster Construction Company, 
113 York Road, Camden Road, N.W. [P.O. 4052 Hampstead. ] 


1896 Oct. Sutton, WILLIAM, Anglo-Californian Oil Syndicate, Lompoc, Santa 
Barbara Co., California, U.S.A.; and 46 Palace Road, 
Streatham Hill. 


1908 Jan. Swain, FRANK REGINALD, 19 Emperor's Gate, S.W.; and Wilfley 
Mining Machinery Co., Ltd., Salisbury House, Е.С. [2687 
City.) 

1907 Nov. SwALES, ALFRED CLIFFORD, 39 Victoria Street, S. W. [972 Victoria.) 


1903 Nov. *Swan, ANDREW Don, M.I.Mech.E., Resident Engineer, Harbour 
Commissioner’s Office, Montreal, Canada. 


1909 Aug. SWEENRY, JOSEPH G&oxGE, 15 Highfield Road, Saltley, Birmingham; 
and The Wolseley Tool and Motor Car Co., Ltd., Birmingham. 


1907 Aug. SYDENHAM, JOHN WILLIAM, West View, Grey Friars Rd., Reading. 


1904 Oct. Sykes, JOSEPH CHaRLEs, Assoc.M.Inst.C.E., 25 Malmain's Way, 
Parklangley, Beckenham, Kent; and W. К. Sykes’ Interlocking 
Signal Co., Station Road, Clapham, S.W. 


1905 Mar. SZLUMPER, GILBERT SAVILE, Assoc. M. Inst.C. E., 316 Southampton 
Road, Eastleigh, Hants; and District Engineer's Office, 
L. and S. W. Ry., Eastleigh Station, Eastleigh, Hants. 


1905 Oct. Tatsoys, Francis PoweLL, Box 203, Wanganui, North Island 
1906 Sept. New Zealand; 2 Brown Street, Dunedin, New Zealand. 


1909 Nov. TaPLiN, JUNR., THomMas' JAMES, Assoc.M Inst.C.E., 16 Lordship 
Park, Stoke Newington; and W. G. Perkins, Esq., 62 London 
Wall, E.C. (2205 London Wall.) 


1902 May TARRING, BATEMAN Brown, 2 Lower King's Road, Kingston-on- 
Thames ; and Messrs. Waring, White Building Co., Automo- 
bile Club, Pall Mall, S.W. 


A1884 June *TayLor, ALFRED ERNEST, 74 Norfolk House Road, Streatham, 
S.W.; and Messrs. Thomas and Sons, 3 Maiden Lane, E.C. 


1905 Apr. Таүі.он, ARTHUR Веммктт, с/о Ferro Carril de Antofagasta a 
Bolivia, Antofagasta, Chili; and Northover, Dartmouth Park 
Avenue, N.W. 

1899 Mar. Тауі.ов, Ernest ЈоѕеРН, Н.М. Office of Works, 55 Whitehall, 
S.W. [2252 Victoria] ; and 39 Mount Park Road, Ealing, W. 

1011 Feb. Тлугов, FrepeRicK Henry, A.M.LE.E., A.M.LMech.E. 14 
Victoria Street, Westminster, S. W. (7457 Victoria.] 

1909 Nov. TavLoR, FREDK. WILLIAM, Gas Works, Harpenden. 


1905 April TaAvLoR, FREDERICK WILLIAM AMBROSE, 73 Park Street, Slough, 
Bucks; Motor Car Department, Great Western Railway, 
Slough, Bucks; and Madron, near Penzance, Cornwall. 


A1884 June *Tavron, Francis Ковект, M.San.I., c/o Mr. Alfred Burr, 85 Gower 
Street, W.C. [7714 Gerrard]; and 12 Pleydell Avenue, 
Goldhawk Koad, Chiswick, W. 


1904 Sept. Таугон, |онх Мексек, Messrs. S. Chivers and Sons, Histon, Cambs.; 
and 9 Sandringham Terrace, Mill Lane, Histon, Cambs. 


1906 Mar. Тлүгов, WALTER FLovp, rg Church Road, Norwood, S.E.; and 
Valuation Office (I. R.), Hillside, St. Mark's Hill, Surbiton. 


Eleote 
A1886 July 


1906 Nov. 


1009 Nov. 
1889 Dec. 


1898 Jan. 


1909 June 


1907 Oct. 
1910 June 


A1go4 Sept. 


1904 Dec. 


доо Oct. 


1900 May 


1891 June 


1820 May 


1886 May 


1892 Jan. 
1895 May 


1001 Mar. 


À1908 Mar. 


1909 Aug. 
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*TENNANT, WILLIAM JOHN, F.CIPA. M.I.Mech.E. (Compounded 
for Subscriptions), Messrs. Boult, Wade and Tennant, тит 
Hatton Garden, Е.С. [с/о Boult, London. 2966 Holborn.] 


TELFORD, JOHN CHaRrES, Аѕѕос.М Inst.C.E,, Millfield House, 
North Ormesby, near Middlesbrough; and Messrs. Dorman, 
Long and Co., Middlesbrough. 


Tuomas, Ernest Byers, Trefoil, Bourne End, Bucks; and General 
Post Office, Engineering Staff, London, E.C. 


Tuomas, Т. С. Howes, Assoc.M.Inst.C.E., 47 Victoria Street, 
S.W.; and 7 Galpin's Road, Thornton Heath. 


Тнокмғ, Henry Новевт, Wh.Ex., A.M.I.Mech.E., Alpha Place, 
Yiewsley, Middlesex; Power Plant Company, Ltd., West 
Drayton, Middlesex. 


Тнокр, REGINALD Pierce, Clayton and Co., Huddersfield, Ltd., 
68 Victoria Street, Westminster, S.W.; and 100 York Mansions, 
Battersea Park, S.W. [Penniform, London. 182 Victoria.) 


Тнокре, WILLIAM, ІІ Orchard Road, St. Margaret's, Twickenham. 


TOKELEY, ARTHUR ALBION HALL, 49 Stapleton Hall Road, Stroud 
Green, N. 

*TookEY, WILLIAM ALFRED, 212 and 213 Upper Thames Street, 
Е.С. (736 City.]; and Combe Lodge, Duncombe Hill, Honor 
Oak Park, S.E. 


Тоосн, RoBERT NEAL, 16 Beverley Road, Barnes, S.W.; and 
Messrs. Tough and Henderson, 66 Upper Ground Street, 
Blackfriars. [677 Нор.) 


Towers, PauL WILLIAM Ковевтзом, 6 Banff Road, Rusholme, 
Manchester; and Messrs. Wheatley, Kirk, Price and Co., 
16 Albert Square, Manchester. (Indicator, Manchester. 3218 
Manchester.) 

Тоумтом, WILLIAM EpwARD, Nella, Southchurch Beach, Southend- 
on-Sea ; and Messrs. Parkinson and W. and B. Cowan, Cottage 
Lane, City Road, N. (778 King's Cross.] 


Tracy, NORMAN TUCKER, Compania Minera Jesus Maria y 
Anexas, S.A., via San José de Gracia, Sinaloa, Mexico; and 
88 Grosvenor Road, Highbury, N. 


*TREEBY, WILLIAM VINCENT, 42 Ashgrove Road, Goodmayes, Essex ; 
and Messrs. Worthington Pump Co., 153 Queen Victoria 
Street, E.C. 


TREVENEN, EDWARD, 3 Chestnut Villas, Broomhill Road, Orpington, 
Kent; Wanke Colliery, Wanke, Rhodesia, South Africa. 


TREVETT, BENJAMIN, c/o Lord Wimborne, Canford Manor, 
Wimborne; and 22 Arlington Street, W. 


TREwBY, Laurie, Engineer and Manager, The North Middlesex 
Gas Company, Mill Hill, N.W.; and Murree, Dollis Park, 
Church End, Finchley. 


TRINDER, WILLIAM Epwarp, 18 Ridley Road, Harlesden Road, 
N.W.: and Messrs. J. Baker & Sons, Willesden Junction, N.W. 
(3 Harlesden.) 


Тковтком, NORMAN SAMUEL, 100 Chevening Road, Kilburn, М. ; 
and Paddington Technical Institute, Saltram Crescent, W. 
TUCKER, GEORGE ALEXANDER, Metropolitan Water Board, Battersea 
Park Road, S.W. [Hop 3484]; and 56 Lyndhurst Road, 

Camberwell, S.E. 


xlvi. Tue Junior INSTITUTION OF ENGINEERS. 


Elected. 

1904 Dec Turner, AucustUs G., Westbourne House, Richmond Road, 
Twickenham, Middlesex ; and Engineer and Surveyor's Office, 
Town Hall, Twickenham, Middlesex. 


тото Jan, Turner, Накоір Номе, 278 Merton Road, Southfields. S.W. ; and 
Messrs. A. D. Dawnay and Sons, Ltd., Steelworks Road, 
Battersea, S.W. [7095 Battersea. Dawnay, London.] 


1902 Dec. TURNER, WILLIAM PHILIP, Public Baths, Hornsey Road, N. 


I908 Oct. Twist, THomas, 178 Revelstoke Road, Southfields, S.W.; and 
22 Kensington High Street, W. 


А1886 Oct. *TvLER, ALFRED Носн, Messrs. John Kirkaldy, Ltd., ror Leaden- 
hall Street, E.C. (7223 Avenue]; 38 Crook Log, Bexley Heath, 
Kent; and Messrs. Tyler and Sons, 71 Eastcheap, E.C. 


1904 Mar. UNpERWooD, Epwarp, Box 891, Post Office, Edmonton, Alberta, 
Canada. 


1904 Nov. VAUGHAN, Eric GEORGE STERY, Cecil House, Beulah Hill, Upper 
Norwood, S.E. ; and Assistant Engineer, Public Works Depart- 
ment, c/o Director of Public Works. Calabar, West Africa. 


1899 Nov. VAUGHAN-JoNES, EDWARD, 92 South Hill Park, Hampstead, N.W. ; 
and The Vizianagaram Mining Co., Ltd., Vizianagaram, 
Vizagapatam, Madras Presidency, India. 


1891 Nov. Vice, PercivaL GEonGE, Molteno, Cape Colony. 
1907 June Vick, Cuanrzs JULIAN, 50 Fordwych Road, Cricklewood, N.W. 


1908 Apr. VICKERS, ALLEN, 42 Theatre Road, Battersea, S.W.; and Town 
Hall, Battersea. [7830 Victoria.) 


1906 Dec. VICKERY, ARTHUR EDWARD, Asiatic Petroleum Co., 28 St. Mary 
d а ‚ and Haslemere, Beresford Road, Wealdstone, S.O., 
iddlesex. 


1902 May VocGEL, Henry ERNEST THEODORE, С/О Leopoldina Railway Co.» 
Locomocas, Caixa 291, Rio de Janeiro, Brazil ; and ro Mount 
Adon Park, Dulwich, S.E. 


A1889 April “Уокгкү, HENRY BLOOMFIELD, A.LE.E., 54 Highbury New Park, 
N.; and о Mincing Lane, Е.С. [5579 Avenue.) 


1905 June WADDINGTON, STANLEY CHARLES, c/o Mrs. Cheshire, Pinewood 
Road, Eaglescliffe, R.S.O.; Power Gas Corporation, Parkfield 
Works, Stockton ; and 79 Lennard Road, Beckenham. 


1890 July Wapeson, GEORGE, І Holyrood Villas, New Road, Windsor; and 
Assistant Manager, The Gas Works, Windsor. 


1909 June У/лімуукіснт, JOHN УУпллАм, Assoc.M Inst.C.E., Burmeister 
and Wain, Ltd., 7 Princes Street, Storey’s Gate, S.W,; and 
149 King's Road, Kingston Hill, Surrey. [Burmetdon. London. 
3617 Westminster. | 


А1888 Feb. *WALDRAM, Percy Jonn, Е.5.1., Messrs. Waldram and Son, 12 
Buckingham Street, Charing Cross, W.C. [Antipanic, London. 
7878 Gerrard]; and 2 Second Avenue, Hendon. 


1907 Jan. Wacker, Davip Brown, 14 Cliff Terrace, St. John's, S.E.; 
and Messrs. Boult, Wade and Tennant, 111 Hatton Garden, 
Е.С. [180 Holborn.) 


1909 Oct. WALKER, Ковевт LzoNARD, Dinas Terrace, Pontneath Vaughan, 
Neath, South Wales; and Messrs. John Aird and Sons, Water 
Works, Neath. 


Elected. 
1907 Nov. 


1908 Jan. 


1906 Dec. 
1895 Nov. 
1908 Jan. 


1907 June 
1904 Dec. 


1902 Dec. 
1905 July 
1907 Oct. 


1897 Oct. 
1909 Nov. 


1909 Feb. 


1911 Маг. 


A1908 Jan. 


1900 June 
1896 Mar. 


1891 Nov. 


1894 May 


1890 July 


List oF MEMBERS. xlvii. 


WALL, CHARLES, Assoc.M.I.Mech.E., 23 Friern Road, East 
Dulwich, S.E.; and Messrs. H. Grant and Co., Ltd., Riley 
Street, Tower Bridge, S.E. 


WALLIS, JAMES, 37 Trent Road, Brixton Hill, S. W.; and Messrs. 
L. be itehead and Co., Ltd., Portland Place North, Clapham 
Road, S.W. 


WALMSLEY, Rosinson, Calder Vale, Scaresbrick Road (Kew), 
Southport ; and Gas Works, Southport. 


WALTER, GEORGE LAUNCELOT, Ecclesbourne, New Wanstead, 
Essex ; and о Bridge Street, Blackfriars, Е.С. 


WALTER, SYDNEY JAMES, Ecclesbourne, New Wanstead, Essex; 
and 9 Bridge Street, Blackfriars, E.C. 


WANGFORD, WALTER HENRY JOHN, 25 Elms Road, Clapham, S.W.; 
and Metropolitan Water Board, Southwark Bridge Road, 
Southwark. 


WARNANT, EDWARD, 23 Rue de Mont Valerien, St. Cloud, near 
Paris (Warnant, St. Cloud. 88 St. Cloud]; and 27 Park Hill Road, 
Croydon. 


WATERS, JOSEPH ALBERT. 


Waters, бүрмеү JAMES, Drawing Office, Daimler Motor Co., 
Ltd., Coventry, 24 Earlsdon Lane, Coventry; and с/о Mr. 
Davey, 189 Haydon's Road, Wimbledon. 


У/лтив, SIDNEY BENJAMIN, 37 Argyle Road, West Ealing, W.; and 
Gas Works, Southall. 


Watkins, HENRY STRUGNELL, Jun., Claremont, 23 Lonsdale 
Road, Barnes, S.W. 


Watson, FRANK GEORGE, Alma, Canada Grove, Bognor; and Gas 
Works, Bognor. 


Watson, GEORGE WALKER, 112 North View Road, Hornsey, УУ.; 
and Ropeways, Ltd., Eldon Street House, South Place, E.C. 
(Корешаув, London. 12730 Central.) 


Watson, RicHARD, A.M.I.Mech.E., Jesmond, Narbonne Avenue, 
Clapham Common, S.W.; and The Charing Cross, West End 
and City Electricity Supply Company, 60 St. Martin’s Lane, 
W.C. [Gerrard 6826/7. со Luminator, London.) 


Watson, Tuomas Aubrey, Assoc.M.Inst.C.E., Bosigran, Whyte- 
cliffe Road, Purley ; and Messrs. Holloway Bros. (London) Ltd., 
19-21 Belvedere Road, S.E. [Antefixa, London. 1153 Hop.) 


WAUTHIER, AUBREY CHARLES, Canada Motor and Cycle Works, 
Toronto; and Thorpe Lodge. The Beach, Southend. 


Wawn, CHARLES Joun, Hastings Mill, Rishra, Bengal, India; and 
з Brandreth Road, Balham, S.W. 


Way, ARTHUR GzOoRGE, Assoc.M Inst.C.E. Stanmer, Argyle 
Road, Ealing, W.; and The Westminster Engineering Company, 
Victoria Road, Willesden Junction N.W. [90 Harlesden.] 


WEDEKIND, WERNER CLAUDE, M.I.Mech.E., 110 Fenchurch Street, 
Е.С. [7729 Central]; and Fanners, Wickham-Bishops, Essex. 


WEDGE, Francis HuMPHREY, с/о I. Vencock, Manchester House, 
Friday Street, E.C.; Messrs. Mallett and Co., The Foundry, 
East London, South Africa; and 374 St. James Road, Souther- 
wood, East London, Cape Colony. 


xlviii. 


Elected. 


A1898 Dec. 


1900 Мау 
1907 Осі. 


А1903 Nov 


1010 Mar. 


1906 Oct. 


1909 Nov. 


1904 Feb. 


1911 Jan. 


1907 Oct. 


1902 Oct. 


1909 May 


1899 Nov. 


1891 Feb. 


1905 July 


1907 Oct. 


1898 Mar. 


1897 Oct. 


I900 Oct. 


THE JUNIOR INSTITUTION OF ENGINEERS. 


*WERNHAM, WILLIAM GARNET, 96 Edith Road, West Kensington, 
S.W.; and James Milne and Son, Edinburgh. 


WESTMORELAND, CHARLES HENRY, 97 Station Road, Norton-on- 
Tees, Durham; and c/o Messrs. Dorman, Long and Co., 
Middlesbrough. 


Weston, JOHN, 177 Kingston Road, Ilford, Essex; and The 
Cubitt Concrete Construction Company, 260 Gray's Inn Road, 
У.С. [5772 Holborn.) 


. "WHALLEY, GILBERT, 46 Albert Park Road, Higher Broughton; 


Engineer, Surveyor, The Vulcan Boiler and General Insurance 
Co., Ltd., 67 King Street, Manchester; and 2 Felday Road, 
Lewisham, S.E. 


WHEELER, ARTHUR GEORGE, Stud.I.E.E., c/o Messrs. Beven & Co., 
New Salt Galahs, Makeshkhali, Chittagong, Eastern Bengal, 
India; and c/o Lieut. A. Wheeler, Cantonment Superintendent, 
Ranikhet, United Provinces, India. 


WHEELER, Jack LEsLiE, 54 Brook Green, West Kensington, МУ. ; 
and Messrs. Samuel Cutler and Sons, 39 Victoria Street, 
Westminster, S.W. (9492 Gerrard.) 


Wuitsy, Epwin СНАЕРЕҮ, 144 Kinfauns Road, Goodmayes, 


Ilford; and Messrs. M. Samuel and Co., 104 Bishopsgate 
Street Within, E.C. 


WHITELAW, WILLIAM, с/о Mrs. Percy C. Evans, 92 Walm Lane, 
Willesden Green, N. W. ; and Messrs. S. Pearson and Son, Ltd., 
Io Victoria Street, Westminster, S.W. 


Wuitson, RALPH ALEXANDER, Stud.Inst.C.E., с/о Mr. Harrison 
Gibson, Masern, Basutoland, South Africa; Government 
Offices, Masern, Basutoland, S.A.; and 7 Windsor Quadrant, 
Glasgow, W. 


WHITTAKER, Harry, A.R.C.Sc., 76 Tanworth Street, Fulham, 
S.W.; and Royal College of Science, South Kensington. 


WuvrE, CHARLES Epwarp Момтсомевү, 4 Lurline Gardens, 
Battersea Park, S.W. (842 Westminster]; and Thames Iron- 
works, Canning Town. 


WICKSTEAD, JOSEPH BANNELL, 52 Three Mills Lane, Bromley-by- 
Bow, E.; and c/o Mr. C. Gordon, 3 Norman Villas, Archway 
Road, Highgate, N. 


WiLkES, SAMUEL Joun, 6 Priory Hill, Dartford, Kent; and 
Metropolitan Water Board, Kent District Office, Brookmill 
Road, Deptford, S.E. 


WILKINS, LLEWELLYN Haywarpb, Akaroa, Gatcombe Road, 
Tufnell Park, N. 


WiLkiNsoN, ARTHUR RowLanp, Bombay Electric Supply and 
Tramway Co., Kussara Power House, Mazagon, Bombay ; and 
149 Mitcham Lane, Streatham, S.W. 


% 
WILKINSON, HENRY ERNEST. 


WILLIAMS, BERNARD Epwarpb, Messrs. Turner Bros., Ltd., 120 
Fenchurch Street, Е.С. [7376 Avenue; Turneth, London.] ; and 
Knebworth, Herts. 


WILLIAMS, CLIFFORD GEORGE, 104 Brockley Road, Brockley, S.E.; 
and Depot Foreman, L.C.C. Tramways. 


Elected. 


Atgor Mar. 


Атдот Sept. 


1896 Oct. 


1908 Apr. 


1902 Mar. 


1906 Apr. 
19:1 Jan. 
1838 Dec. 


1890 Nov. 


1902 Oct. 
1910 Jan. 
1910 Jan. 
1911 Apr. 


1902 Dec. 


1906 Sept. 


1897 May 


1909 Mar. 


I906 Feb. 


А1502 Dec. 


I905 Mar. 


1903 Sept. 


List or MEMBERS. xlix. 


WILLIAMS, Hat, A.M.I. Mech.E., Messrs. Hal Williams and Bridges, 
з Salters' Hall Court, Cannon Street, Е.С. [4960 London Wall]; 
and 22 Eardley Crescent, Earl's Court, S.W. 


WiLLIAMS, Joun, A.M.LMech.E., Tramway Power Station, 
Kelham Island, Sheffield. 


WILLIAMS, WALTER DOEL, 
Minsterley, Shrewsbury. 


WiLLIAMSON, Harry, Oficina de via y Obras, Ferro Carril de 
Buenos Ayres al Pacifico, Bahia Blanca, Argentine. 


WILLMRR, EDWARD ALBERT, Assoc.M.Inst.C.E., Public Works 
Department, Uganda, E.A.; and 16 Telford Avenue, Streatham 
Hill, S.W. 


WILson, Совром, 2 Hall Bank, Buxton. 
WILTON, GEORGE. 


Win to, RoBERT CANNING, Purchasing Agent, c/o Messrs. А. О 
Smith and Co., Automobile Parts and Stampings, Milwaukee, 
Wis., U.S.A. 


Winston, HARoLD Ногмеѕ, M.I.Mech.E., А.М.І.Е.Е., 31 Holbein 
House, Holbein Place, Sloane Square, S.W.; and Chief 
Engineer, Messrs. Waterlow and Sons, 15 Appold Street, 
Finsbury, E.C. 


Wo re, Harry, 6 Wythes Road, Silvertown; and India-Rubber, 
Gutta Percha and Telegraph Works Co., Silvertown, Essex. 


WOLSTENHOLME, ROBERT ANGUS, Messrs. Marks and Clerk, 57 and 
58 Lincoln's Inn Fields, W.C. (836 Holborn. Marklerk, London.) 


Woop, JAMES P., ro Nuding Road, Lewisham, S.E.; and Royal 
Mint, E.C 


Woop, WiLLIAM DANIEL, 81 Ashburnham Grove, Greenwich, S.E. ; 
and Thames Ironworks Company, Greenwich. 


WoopFALL, ERNEST, Wickham House, East Dulwich Grove, 
S.E.; and Highways Department, London County Council, 
13 Charing Cross, W.C. 


WoopFIELD, CHARLES Henry, 148 Albert Palace Mansions, 
Battersea Park, S.W.; and Messrs. H. Sykes, Ltd., 66 Bankside, 
Е.С. (70123 Central.) 


WooLtcomBE, RoBERT Гл.оур, M.A., LL.D., A.I.E.E., Barrister- 
at-Law (Compounded for Subscriptions), 14 Waterloo Road, 
Dublin. (Justice, Dublin.) 


Wyatt, CHARLES, c/o Leonard С. Tate and Co., Mansion House 
Chambers, 20 Bucklersbury, E.C. (887 Bank. Entraining, 
London] ; and 29 Champion Grove, Denmark Hill, S. E. 


WYATT, FRANCIS ERNEST GRANT, оо Gloucester Street, South 
Belgravia, S. W.; and Clayton Fire Extinguishing and Venti- 
lating Co., 22 Craven Street, Charing Cross, W.C. (3232 
Gerrard. | 


*YaRROW, HaRoLD Ерсав, Stud.Inst.C.E., Fairlawn, Bearsden, 
near Glasgow; and Messrs. Yarrow and Co., Scotstoun, N.B. 


YATES, REGINALD CHOLMELEY, G.I.Mech.E., The Lower Beech, 
Tytherington, Macclesfield; and c/o Madras and Southern 
Mahratta Railway Co., Perambur, Madras, India. 


YORGAN, JAMES ARTHUR, 376D St. Antoine Street, Montreal, Quebec 
Canada; and Bunerana, Co. Donegal, Ireland. 


A.M.I.Mech.E., Roman Gravels, 


1907 Jan. 


1905 Dec. 


1902 Mar 


1908 May 


I9IO Oct. 


1907 Aug. 


1907 Oct. 


1907 Oct. 


1908 Aug. 


1911 May 


1910 Oct. 


1909 Nov. 


. YouNG, CLAUDE FRANK, 


THE JUNIOR INSTITUTION OF ENGINEERS. 


. *Уосмс, ALGERNON Совром, зо Trafalgar Square, Chelsea, S.W.; 


and Messrs. Н. Young and Co., Nine Elms, S.W. (7427 Нор.) 


YouNc, Ceci, GiBsoN, 46 Cranhurst Road, Cricklewood, N.W.; 
336 London Road, South Lowestoft; and New Zealand 
Shipping Co., s.s. ~“ Kaikowia,'’ 138 Leadenhall Street, Е.С. 


159 Castlenau, Barnes, S.W.; and 
Messrs. Boon and Porter, Garage Works, Castelnau, S.W. 
[Soonest, London. 1177 Hammersmith.) 


. “Үоомс, DoucLAs STEWART, 30 Trafalgar Square, Chelsea, S.W.; 


and Messrs. Young and Co., Nine Elms Iron Works, Nine Elms, 
S.W. 


. Younc, Hersert GEonGE, с/о А. E. Barton, 308 Winchester 


House, Old Broad Street, E.C.; and c/o North-Western 
Cyramide Co., 39 Victoria Street, S.W. 


*YounG, Percy Гот, А M.I.Mech.E., 8 Park Mansions, Battersea. 
Park, S.W.; and Messrs. H. Young and Co., Nine Elms Iron 
Works, Nine Elms, S.W. [Young's Iron Works, Nine Elms. 
1427 Hop.] 


YouNc, ХҮп екі» Epwarp, 106 Camperdown Road, Scotstoun, 
Glasgow; and Engine Drawing Office, Yarrow and Co., Ltd., 
Glasgow. 


Үсік, Davip McCrunz, Messrs. Vickers, Ltd., The Broadway, 
S.W. 


ASSOCIATES. 


AMBLER, SIDNEY JOHN, Bill Office, Bank of England, E.C.; and 
12 The Gables, Muswell Hill, N. 


ARBLASTER, GopFrEY, 65 Wordsworth Road, Small Heath, 
Birmingham ; and Messrs. Belliss and Morcom, Ledson Street 
Works, Birmingham. 


Apcock, ALBERT Epwarp, Balgowrie, 20 Montague Avenue, 
Brockley, S.E.; and c/o Messrs. C. and E. Morton, 107 
Leadenhall Street, ЕС. (190 New Cross. c/o Morton, London.) 


ATTWOOD, ALBERT ARTHUR, 56 St. Stephen's Road, North Bow, E. ; 
and с/о S. Н. Johnson and Co., Carpenter's Road, Stratford, 
E.C. 


BassETT-LowkEg, HAROLD AusTIN, 13 Kingswell Street, Northamp- 
ton ; and Harbour Offices, Town Quay, Southampton. 


Birp, Henry CHARLES, 9 Ashmead Road, St. John's, S. E. ; and 
Fourth Engineer, s.s. “ Somerset," Federal Steam Navigation 
Co., 2 Fenchurch Avenue, Е.С. [1796 Avenue.) 


BourroN, Epwin, High Street, Ripley, Surrey ; and Estate Office, 
Ockham, Surrey. 


BROWNHILL, Tuomas Lancetot, Holly Hall, near Dudley, 


Worcestershire; and South Staffordshire Mond Gas Co., 
Tepton. 
Вовретт, CHaRLES Guy Durke, Smith, Walker and Co., 


Sanctuary House, 11 Tothill Street, S.W.; and 28 Bengal 
Road, Ilford, Essex. 


CAMPBELL, ALEXANDER FARRINGDON, 50 Stalbridge Road, Crewe; 
London and North Western Railway Works, Crewe; and 
3 Wood Lane, Highgate, N. 


Elected. 
1903 Apr. 


1907 Apr. 


1909 Nov. 


1910 June 


1911 July 
1908 Jan. 


1905 July 
1910 Dec. 


19 Мау 


1908 Dec. 


1910 Nov. 


1397 Sept. 


ізгі Jan. 


911 Apr. 


108 Dec. 


103 Mar. 


ви Mar. 


1911 June 


1897 Nov. 


1910 July 


List oF ASSOCIATES. 


CarRLey, GEORGE Сваүром, 55 Canning Road, Croydon; and 
Messrs. White, Child and Beney, 62 Queen Street, E.C. 


Caton, CLAUDE Henry, Redcote, The Ridgeway, Enfield; and 
Messrs. G. J. Worssam and Son, Wenlock Road, City Road, N. 
(677 North.) 


CHAPLIN, STANLEY EDwaRD, 69 Bromfelde Road, Clapham, S.W. ; 
and South Metropolitan Gas Company, 709 Old Kent Road, 
S.E. [14200 Central.) 


CLARKE, JosEPH HENRY, The Homestead, Betterne Park, South- 
ampton ; and Machine Shops, New Dock Works, Southampton. 


Compton, LESLIE SPENCER, 93 East Dulwich Grove, S.E. 


Соок, Jonn WILLIAM DoNarp, Chadhurst, Potters Bar, Middlesex ; 
and District Railway Works, Ealing Common. 


CosGreave, Henry Epwarp, 16 Woodgrange Avenue, West Ealing ; 
and Messrs. C. C. Wakefield and Co., 27 Cannon Street, E.C. 


Davizs, JOHN CHARLES SILVESTER, 20 Alexandra Road, Bedford: 
and Messrs. W. N. Allen, Son and Co., Bedford. 


Day, CHRISTOPHER CALEB, Beechleigh, Upper Walthamstow ; 
and C. Day and Sons, Hoe Street, Walthamstow. (506 
Walthamstow. ] 


DgRirrER, ALBERT Henry, Grad.Mech.E., 62 East India Road, 
E.; and c/o W. H. DeRitter and Co., Ltd., 33 Three Colt 
Street, E. ([Deritter, London. 664 East.) 


Dicxson, ARTHUR К кч Boot, 81 Friern Road, East Dulwich, 
S.E. ; and The Polytechnic, Regent Street, S.W. 


Dickson, WILLIAM ARTHUR, 81 Friern Road, East Dulwich, S.E. ; 
and Messrs. Baker, Sons and Dickson, 39 Seething Lane, E.C. 
[8622 Central.) 


DorrincTton, Ермім WALTER, 179 Grove Road, Sparkhill, 
Birmingham; and c/o Messrs. E. C. and J. Keay, Ltd., 
Corporation Street, Birmingham. [430 Central. Keay Birming- 
ham.] 


Dowker, WILFRED Henry EGERTON, 63 Moncrieff Street, 
Peckham; and South Metropolitan Gas Co., 709 Old Kent 
Road, S.E. 


Dunn, JOHN JOHNSON, 58 Lessenden Mansions, Highgate Road, 
N.W.; and King's College, Strand, W.C. 


Бакон Francis, 8 Avenue Terrace, Cavendish Road, Merton, 
.; and c/o Mr. Thomas J. Digby, 32 Shaftesbury Avenue, 
W.C. [7527 Сеттата.] 


Ермомо$, ARTHUR Слімнам, 466 Hackney Road, N.E.; and John 
Warner and Sons, Ltd., Spelman Street, Spitalfields. [8849 
London Wall, сјо Big Ben, London.) 


ETHERINGTON, Harry REGINALD LEYNESTER, 2 Adys Lawn, 
Balmoral Road, Willesden Green, N.W.; and the Patent 
Castings Syndicate, Ltd., Balfour House, Finsbury Pavement, 
E.C. (6273 Wall. Dykasyr, London.] 


EVERETT, JosEPH, Aylmer, 71 Rodenhurst Road, Clapham 
Park, S. W.; and Messrs. С. Smith and Co., то Watling Street, 
Е.С. (603 Bank.) 


FAGAN, Broce, Ү.М.С.А., 160 Rue Montrmartre, Paris. 


lii. 


Elected. 
1905 Nov. 


1907 June 
1909 Nov. 


_ 1908 Mar. 


1892 Mar. 
1909 Aug. 


1906 April 


1909 Oct. 


1011 Feb. 


1905 Nov. 


1908 June 


1910 Feb. 


1907 Jan. 


1910 June 


1010 Jan. 


1907 June 


1908 Feb. 


1902 Dec. 


1909 June 


1907 Apr. 


THE Junior INSTITUTION or ENGINEERS. 


FENTON, WILLIAM Henry, De Vaudemont Villa, Oxford Road, 
Reading ; and Thames Valley Works, Pangbourne. 


FERGUsON, HaRoLD Gowans, 87 Trelowarren Street, Camborne, 
Cornwall; and 4 Warltersville Road, Crouch Hill, N. 


Е1м21, Енілх Jonn, 53 Hamilton Terrace, N.W. [798 Paddington] ; 
Finsbury Technical College, City Road, E.C. 


Fisk, REGiNALD Jonn, Box 296, 5th Engineer, s.s. "Thongwa''; 
c/o B., Engineer's Club, 2 New China Bazaar Street, 
Calcutta, India; and 3: Slaithwaite Road, Lewisham, S.E. 


FULLER, WILLIAM, Vanbrugh Cottage, Maze Hill, S.E. 


GEE, STEPHEN GEORGE, 147 Mackenzie Road, Beckenham, Kent. 
[664 Sydenham.] 


GILL, JOHN OsBorng, 52 Earl Street, Shipley, Yorks; and с/о 
Mr. H. Jones, Broad Street, Southsea. 


GREEN, Ernest MICHAEL, 26 Upper Hamilton Terrace, N.W. ; 
and Messrs. Boult, Wade and Tennant, 111 Hatton Garden, 
Е.С. [226 P.O. Hampstead. 180 Holborn.] 


GRINHAM, Epwarp GEORGE, Elmleigh, Pembroke Road, Erith : 
and Drawing Office, Aviation Department, Vickers, Ltd., Erith. 


GROUNDWATER, WILLIAM CHARLES Porvis, Grad.M.E., Rising 
Sun Petroleum Co., Yokohama, Japan; and Sunnydene, Congo 
Road, Plumstead. 


Harrer, Harotp W., 105 Erlanger Road, New Cross, S.E.; and 
Messrs. J. Westwood and Co., Ltd., Napier Yard, Millwall, E. 
(Westwood, London. 1066 and 1067 Eastern.) 


HATCH, WILFRID GEORGE, 21 Collingtree Road, Sydenham, S.E. ; 
and 20-21 Greenhithe, E.C. [5096 Bank; 1781 City. George 
Hatch, London.] 


HOLLINGSWORTH, HERBERT DELAVILLE, 43 Jerningham Road, New 
Cross, S E.; and Locomotive Works, London Brighton and 
South Coast Railway, New Cross, S.E. 


Норсковт, )онм Совром, 20 Lansdowne Crescent, Holland Park, 
W.; and Messrs. Page and Rowlingson, 28 New Bridge Street, 
Е.С. (332 Central. Pagensis, London.) 


Hopkins, Lawrence Нилом, Clovelly, Scotney Street, New 
England, Peterborough ; and Messrs. Peter Brotherhood, Ltd., 
Peterborough. 


Hopson, Eric PuHiLLIPPo Ernest, Moor House, Reepham, 
Norfolk; and Ivydene, Lancelot Road, Wembley. 


Номрнкеу5, Henry, Grad.I.Mech.E., Oakleigh, Kennel Ride, 
Ascot; 20 Glentharn Road, Barnes, S.W.; and Messrs. 
Gwynne's, Ltd., Hammersmith. 


Номт, Автнгк CHARLES, 6 Tudor Mansions, Gondar Gardens, 
West Hampstead, N.W.; and Messrs. Clark, Hunt and Co., 
159 Shoreditch, E. 


Номт, Скоксе Jonn, 8 Aspinall Road, Brockley, S.E.; and С. E. 
Heinke and Co., 87 Grange Road, Bermondsey. [1998 Hop.] 


Hont, Henry Francis, Cotsford, Uplands Park, Enfield; and 
Messrs. G. J. Worssam and Son, Wenlock Road, City Road, N. 
[677 North.] 


Elected. 
1908 Jan. 


1911 Jan. 


1907 Aug. 
1908 Dec. 


1905 Mar. 


1909 Oct. 
іші June 


1911 Sept. 


1&% Mar. 


106 Dec. 
i310 Oct. 


1906 Dec. 


1905 Mar. 


190; May 


1595 Маг. 


1897 Jan. 
1506 Dec. 


1000 Oct. 


507 Oct. 


198 May 


1909 Jan. 
1908 Apr. 


1911 June 


List ОЕ ASSOCIATES. liii, 


HUNTINGFORD, ERNEST SIDNEY, 14 King Street, Twickenham ; and 
cjo Messrs. A. Goodwin and Son, Ltd., 56 Sumner Street, 
Southwark, S.E. [Shkaftsman, London. 197 Нор.) 


Тлсовз, JoHN Harry, ro Blenheim Gardens, Cricklewood, N.W. ; 
and Aster Engineering Co., Ltd., Wembley, Middlesex. [22 
Wembley. Aster, Wembley.) 


KELL, Ernest E., Clifton Villa, Clifton Terrace, Hayle, Cornwall, 


KENNARD, FRANK Gower, 56 Pepys Road, New Cross, S.E.; and 
The Thames Engineering Works, Greenwich, S.E. (706 
Deptford.) 


KINNERSLEY, WILLIAM JOHN, 21 High Street, Egham, Surrey. 


LEGRAS, PAUL, Messrs. Boult, Wade and Tennant, іі: Hatton 
Garden, Е.С. (6464 Holborn. Boult, London.] 


Le Mare, ReGinactp Glendore, Smitham Downs Road, Purley, 
Surrey ; and Gros, Roman and Co., ro-12 Bond Street, E.C. 
(8298 Central. Orgundi, London.) 

Linpsay, RoBERT, 281 High Street, Borough, S.E.; and Messrs. 
Thomas Tilling, Ltd., Swan Yard, Borough. (727 Hop.] 


Lurr, EDWARD JAMES. 

MaAcDoNNELL, MYLES 2075 RANDALL, Ivy Gates, Gt. Berk- 
hamsted, Herts ; and c/o Union Discount Co of London, Ltd., 
39 Cornhill, Е.С. [7407 Avenue. c/o Udisco, London.] 


MacGsoN, ALFRED HERBERT, 108 Gulson Road, Coventry; and 
Coventry Ordnance Works, Coventry. 


MaiIDEN, EARL, 56 Ashden Grove, Wimbledon Park, S.W.; c/o 
Messrs. Arnhold, Karberg and Co., Peking, China, via Siberia 
and Messrs. Strode and Co., 48 Osnaburgh Street, N.W. 
[Strodes, London. 3807 Gerrard. | 


MANLYy, Epwarp Harry, High Elms, Burgh Heath Road, Epsom; 
and Electricity Works, Sutton, Surrey. 


MauLL, GEORGE ALEXANDER, Brindon, Half Moon Lane, М. 
Dulwich ; and Marlbro' Works, Peckham, S.E. 


MAULL, JAMES Epwanp, Mellins' Food Works, Stafford Street, 
Peckham, 5.Е.; and 110, Erlanger Road, New Cross, S.E. 


MEADE, ALWyNE, 20 Crooms Hill, Greenwich, S.E.; and Commer- 
cial Gas Works, Poplar. 


Means, LEsLIE ALFRED, c/o T. E. Robertson, 104 Victoria Street, 
Westminster, S. W.; and 57 Heybridge Avenue, Streatham, 


Момрлу, GEORGE CAMPBELL, Whitecroft, Edward Road, Bromley, 
Kent; and Messrs. Munday and Sons, Trinity Square, E.C. 


NEUSTEAD, STANLEY GRAHAM, Rosslyn, "Thorvertan Road, 
Cricklewood ; and St. Pancras Iron Work Co., Ltd., Belle Isle, 
York Road, N. [579 North.] 


Norman, STEWART WINFRED, 35 Kingswood Road, Wimbledon; 
and Aster Engineering Co., Ltd., Wembley. 


Оѕвокм, Кімімстом, 65 Manor Park, Lee, S.E.; 
Admiralty Library, Whitehall, S.W. 

Owen, ULRIC, 68 Dinnington Park Road, West Hampstead, N.W. ; 
and Patent Castings Syndicate, Ltd., Balfour House, Finsbury 
Pavement, Е.С. (6273 London Wall. Dykasyn, London.) 


and The 


liv. 


Elected. 
I910 Mar. 


1011 Apr. 
1008 Jan. 
1909 Nov. 


1906 Oct. 


1909 Jan. 


1908 Oct. 


1908 Apr. 


1890 Sept. 


1911 


1907 Oct. 


1910 May 


1908 Apr. 
того June 


1909 Mar. 


1910 Jan. 


1910 Dec. 


1904 Feb. 


1907 Aug. 
I909 Jan. 


1908 May 


1910 Sept. 


THE JUNIOR INSTITUTION OF ENGINEERS. 


PAGE, JAMES LAWRENCE, 6 Queen's Road, Erith. 


РАСЕ, JOHN JosgPH, 6 Bellvue Road, New Southgate. 


PATERSON, ANGUS NIEL. 


PETERS, FRANK RICHARDS, 29 Gorst Road, Wandsworth Common, 
S.W.; and Messrs. J. Stone and Co., Ltd., Deptford. (1202 
New Cross.) 


PRINCE, WILLIAM BELA, С/О p 
Chambers, Westminster, S. : 
Tooting, S.W. 


PROBERT, CECIL, 206 Marylebone Road, N.W.; and Engineer's 
Office, Great Central Railway, Marylebone Station, N.W. 
(66 Paddington.) 


QUINEY, ALFRED ASHTON, 8 Hilly Fields Crescent, Brockley, S.E.; 
and Messrs. Norris and Henty, 87 Queen Victoria Street, E.C. 


RAMASWAMIENGAR, M. S., Sub-Overseer, District Local Board, 
Karwar, N. Kanara, Bombay Presidency, India. 


E. Raworth, Queen Anne’s 
and 227 Franciscan Road, 


RENNIE, JAMES (Compounded for Subscriptions), 89 Mount 
Pleasant Lane, Upper Clapton, N.E.; and Messrs. Wheeler and 
Co., 161-163 Temple Chambers, Е.С. |1595 Holborn.] 


Ruys, WATKIN, Скомме, Windermere, St. John's Road, Wembley, 
N.W.; The Aster Engineering Co., Wembley ; and Lenbryn, 
Aberdare, Glam. 


SARJEANT, RALPH LIONEL, 59 Foxbourne Road, Upper Tooting, 
S.W.; and Mechanical Engineering Department, Finsbury 
Technical College, Leonard Street, City Road, E.C. 


SAUNDERS, THOMAS THORNTON, 4 Dorlcote Road, Wandsworth 
Common, S.W. 


SELDON, EDWARD, 14 Marine Square, Marine Parade, Brighton. 


SLAUGHTER, JOHN FREDERICK, c/o Messrs. W. H. DeRitter and 
Co., Ltd., 33 Three Colt Street, Limehouse, E. [664 East.] 


SMITH, NEWTON GERARD, то Algernon Road, Brondesbury Road, 
N.W.; and Johns, Son and Watts, до City Road, Е.С. [Johns 
London. 587 London Wal.) 


SNEEZUM, Henry Tuomas, The Trossachs, Burbage Road, Herne 
Hill, S.E. 


STREETS, Коввкт WILLIAM НЕмвү, '24 George Street, Hemel 
Hempstead, Herts; and c/o Howard Martineau, Hemel Hemp- 
stead. 


STEVENS, WILLIAM Henry JOHN, 22 Elm Grove, Crouch End, 
N.; and Messrs. W. Stevens and Co., 65 Clitton Street, 
Worship Street, E C. 


STRINGFIELD, NORMAN Harry. 
SULLIVAN, CLAUDE ARTHUR, Kintyne, Gap Road, Wimbledon ; and 


Messrs. Gwynnes, Ltd., Iron Works, Hammersmith. 
[9 Hammersmith. } 


SWITHENBANK, Ковевт SCHOFIELD, The Green, Baildon, Shipley, 
Yorks; 47 Balloch Road, Catford, S.E.; and c/o Mr. Albion 
Snell, 5 Laurence Pountney Hill, Cannon Street, E.C. 


TAYLOR, JOHN Суки. LLOYD, Kingsmead, Wembley ; and The Aster 
Engineering Co., Wembley. 


Elected. 
1909 Feb. 


1909 Jan. 


1908 Mar. 


1908 July 


1909 Oct. 


1911 Mar. 


1908 Jan. 


196 Nov. 
ци July 
1x99 May 


1911 Sept. 


1906 Oct. 


1907 Apr. 


X September, 1911. 
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Tracur, DoucLAs Соррем, 55 Waterloo Road, Bedford; and 
Trevint, Truro, Cornwall. 


Тиввү, GEORGE ALFRED, 17 West Ferry Road, Millwall, E.; and 
Messrs. C. and E. Morton, Millwall, E. [986 East.) 


'TBARP, BERNARD SEYMOUR, Ivenghoe, Grove Hill, South Wood- 
ford, Essex; and c/o Mr. W. H. DeRitter, Three Colt Street, 
Limehouse, E. [DeRitter, London. 664 East.) 


Тоосоор, GgoRGE Watts, 2 Derrington Avenue, Crewe; and 
London and North Western Railway Works, Crewe, Cheshire. 


TRAIT, RayMonD Нег1, The Waldrons, Triangle, North Kensing- 


ton, W.; and Iris Motor Works, Willesden Junction, N.W.; 
(85 Hariesden.) 


VALENTIS, VALENTINE PANAJOTE, 14 Middleton Road, Goider's 
Green, N.W. ; and King's College, London. 


VICKERS, CHARLES FRED, Messrs. John T. Thornycroft and Sons, 


Ltd., Drawing Office, Basingstoke; and 2 London Road, 
Basingstoke. 


WANNBACHER, ERNEST, Messrs. T. and E. Wannbacher, 5 Appold 
Street, Е.С. (6448 Central. Wannbacher, London.) 


WEAVER, WILLIAM WELLESLEY, Fairholme, Manor Road, Forest 
Hill, S.E.,; and R. Waygood and Co., Falmouth Road, S.E. 


West, Ерсак CLARANCE, Laxfield, Hermon Hill, Snaresbrook, 
Essex; and Hutchings Patents, Ltd., 62 New Broad Street, E.C. 


У/ввтом, ARTHUR Horace, Langside, 95 Bolingbroke Grove, 
Wandsworth Common, S.W.; and The Anglo-Saxon Petroleum 


Co., Ltd., Marine Department, 21 Bury Street, E.C. [4930 
City. Angsaxpet, London.) 


WHIDDINGTON, FRANK PauL, Wesbury, Birchington Road, 


Crouch End, N.; and Nine Elms Iron Works, Nine Elms, 
S.W. (1427 Hop.) 


WILLIAMS, pat 18 Quex Road, West Hampstead, N.W. ; and 24 
and 25 Fenchurch Street, E.C. 


SUMMARY OF LIST OF MEMBERS. 


Honorary Officers  ... jus 42 
Honorary Members ... 57 
Members ... oe ove 877 
Associates... T гаж 107 


Total ... 1083 


lvi. 
PAST AND PRESENT OFFICERS AND MEMBERS OF COUNCIL 
AT 30th SEPTEMBER, 1911. 


Names marked thus * in the foregoing List. 


ALLINGHAM, G. C., Hon. Auditor, Oct., 1907, to Sept., 1908. 

Весктом, W. R., Member of Council, Oct., 1900, to Sept., 1902. 

Boot, J. N., Hon. Librarian, Oct., 1897, to Sept., 1898. Member 
of Council, Oct., 1898, to Sept., 1900; also Nov., 1902, to 
Sept., 1903; also Oct., 1903, to Sept., 1905. 

Bowen, P. G., Member of Council, April, 1890, to Sept., 1891. Hon. 
Auditor, Oct., 1891, to Sept., 1892. Member of Council, Oct., 
1892, to Sept., 1894. 

Вкіссв, C. T., Provincial Member of Council for North of England, 
from Oct., 1906, to Sept., 1910. 

Buttock, G. T., Member of Council, Oct., 1905, to Sept., 1907. 
Member of Finance Committee, 1905-6, 1906-7, 1907-8, 1908-9, 
1909-10. Vice-Chairman, Oct., 1907, to Sept., 1909. Chairman, 
Oct., 1909, to Sept., 191o. 

BYLANDER, S., Member of Council from Oct., 1908, to Sept., пого. 
Vice-Chairman from Oct., 1910. Member of Finance Committee 
from Oct., 191o. 

Снавот, VINCENT H., Member of Council, Oct., 1899, to Sept., 19or. 
Provincial Member of Council for Southern District, Oct., 
1903, to Sept., 1904. | 

Cook, H., Hon. Auditor, Oct., 18до, to Sept., 1891, also Oct., 1908, to 
Sept., 1911. Member of Council, Oct., 1906, to Sept., 1907. 

Cooke, SipNEv V., Hon. Librarian from Oct., 1909. 

CurLER, S., Jun., Member of Council, Oct., 1894, to Sept., 1896 ; 
also Oct., 1901, to Sept., 1902. Vice-Chairman, April to Sept., 
1903. Chairman, Oct., 1903, to Sept., 1905. Member of Finance 
Committee, April, 1903, to Sept., 1905. 

Dempster, Н. G., Member of Council, June, 1891, to Sept., 1892. 

De Ritter, A. H., Member of Council from Oct., 1910. 

Dickinson, E. G., Hon. Auditor, Oct., 1887, to Sept., 1888. 

Dunn, W. T., Hon. Secretary and Treasurer, Dec., 1884, to Sept., 1890. 
Secretary and Treasurer, from Oct., 1890, to Oct., 1911. 
DuRHAM, Е. R., Hon. Secretary, Summer Meeting, Germany, 1904. 

Member of Council, Oct., 1905, to Sept., 1906. Vice-Chairman, 
Oct., 1906, to Sept., 1907. Member of Publications Committee, 
from 1:ес., 1905. Chairman, Oct., 1907, to Sept., 1909, and 

Member of Finance Committee, 1907-8, and 1908-9. 

EADE, E., Member of Council, Jan. to Sept., 1897 ; also Oct., 1902, to Sept., 
1904 ; also Oct., 1906, to Sept., 1908. Member of Finance 
Committee, 1902-3. Chairman of Committee, 1903-4. Hon. 
Auditor, Oct., 1904, to Sept., 1905. Hon. Librarian, Oct., 
1905, to Sept., 1906. 

ELLis, R. B. A., Hon. Secretary, Summer Meeting in the Midlands, 
Aug., 1909. 

Evans, T. D., Provincial Member of Council for Welsh Districts, 
Oct., 1903, to Sept., 1904. 

Евкмгіск, W., Member of Council, Oct., 1889, to Sept., 1890. 

Ferreira, L. М. ре G., Member of Council from Oct., 1908, to Sept., 
1910. Hon. Auditor, Oct., 1906, to Sept., 1907. 
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GATRILL, A. F., Member of Council, April to Sept., 1903. 

Сосір, Н. T., Hon. Librarian, Oct., 1903, to Sept., 1905; also Oct., 
1906, to Sept., 1907. 

Gray, Н. N., Member of Council, Oct., 1900, to Sept., 1902. Hon. 
Auditor, Oct., 1902, to Sept., 1904; Oct., 1906, to Sept., 1911. 
Member of Finance Committee, 1900-1901, 1901-1902. 

Gray, K., Member of Council, Oct., 1896, to Sept., 1898. Vice- 
Chairman, Oct., 1898, to Jan., 1899; also Oct., 1901, to 
Sept., 1902. Chairman, Oct., 1902, to Sept., 1903. Member 
of Finance Committee, 1896-8 ; also Oct., 1898, to Jan., 1899; 
also Oct., 1902, to Sept., 1904. 

Harrison, С. D., Member of Council, Oct., 1909, to Sept., 1911. 

Носкіу, RoLaNp, Provincial Member of Council for the North of 
England, from Oct., 191o. 

Ноѕесоор, T. P., Provincial Member of Council for West of England, 
from Jan., 1909. 

Ңсоракт, А. H., Member of Council, Oct., 1903, to Sept., 1905. 

Нгонвв, С. H., Member of Council, Oct., 1905, to Sept., 1906. Vice- 
Chairman, Oct., 1906, to Sept., 1907. Member of Finance 
Committee, 1905-6, 1906-7. Provincial Member of Council for 
Eastern Counties, Oct., 1907, to Sept., 1909. 

Hesr, Н. F., Provincial Member of Council for Welsh Districts, from 
Oct., 1904. 

Нсхтен, ADAM, Member of Council, Oct., 1896, to Sept., 1898. Hon. 
Auditor, Oct., 1899, to Sept., 1901. Member of Council, Oct., 
I9OI, to Sept., 1903. Vice-Chairman, from Oct., 1903, to 
Sept., 1905. Chairman, Oct., 1905, to Sept., 1906. Member 
of Finance Committee, 1897-8. Chairman of Committee, 1904-5. 
Member, 1905-6. Hon. Secretary, Summer Meeting, Scotland, 
1907. Provincial Member of Council for Scottish Districts, 
from Jan., 1909, to Sept., 1910. 

Hester, W. J., Member of Council, June, 1896, to Sept., 1899. 

Jackson, G. E., Provincial Member of Council for Scottish Districts, 
Oct., 1904, to Sept., 1906. 

Jeras, JULIAN, Provincial Member of Council for Eastern Counties, 
Oct., 1904, to Sept., 1907. 

Keupster, H., Hon. Librarian, Oct., 1895, to Sept., 1897. Member of 
Finance Committee, 1895-6. 

Кивсвм, B. E. D., Member of Council from Oct., 1908, to Sept., 1910. 
Vice-Chairman, Oct., 191o, to Feb., 1911. Chairman, Feb. to 

| Sept., 1911. 

Кхс, B. T., Member of Council, Oct., 1896, to Sept., 1897. 

Кус, E., Member of Council, Oct., 1892, to Sept., 1894 ; also Oct., 1895, 
to Sept., 1897; also Oct., 1899, to Sept., 1900. Vice-Chairman, 
Oct., 1900, to Sept., 19or. Hon. Auditor, Oct., 1898, to 
Sept., 1899. Member of Finance Committee, 1895-6 and 
1899-1900. Hon. Secretary, Summer Meeting, Sheffield, 1903. 
Provincial Member of Council for Midlands, from Oct., 1903. 

Кітснім, J. W., Provincial Member of Council for the West of England, 
May, 1906, to April, 1908. 

KxowLES, С. P., Member of Council, Nov., 1905, to Sept., 1906. 
Re-elected Oct., 1906, to Sept., 1908. Member of Finance 
Committee, 1906-7, 1907-8. 

KratLt, REGINALD, Member of Council from Feb., 1911. 
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[лых, W. E., Member of Council, Oct., 1889, to April, 1891. Provincial 
Member of Council for Irish Districts, from Oct., 1901 

MARSHALL, A. W., Member of Council, Jan., 1887, to Sept., 1888; also 
Oct., 1889, to Sept., 1891; also Oct., 1897, to Sept., 1899. 
Hon. Auditor, Oct., 1899, to Sept., 1900; also Oct., 1900, 
to Sept., 1901. Member of Finance Committee, 1897-8; and 
1898-9. 

MARSHALL, P., Member of Council, Oct., 1887, to Sept., 1889 ; also Oct., 
1893, to Sept., 1895; also Oct., 1899, to Sept, 1900. 
Chairman, Oct., 1900, to Sept, 1902. Hon. Auditor, 
Oct., 1889, to Sept., 1890; also Oct., 1896, to Sept., 1898. 
Member of Finance Committee, 1900-01, 1901-02. Member 
of Publications Committee, from Dec., 1905. 

MARSHALL, REGINALD, Member of Council, Oct., 1897, to Sept., 1899. 

McNavamqr, C. J., Member of Council, Oct., 1901, to Feb., 1902. 

Милек, Francis S., Provincial Member of Council for Southern Counties, 
Oct., 1904, to Sept., 1906. 

NaPIER, Е. D. G., Member of Council, Oct., 1898, to Sept., 1900; also 
Oct., 1907, to Sept., 1909. Vice-Chairman, Oct., 1909, to Sept., 
1910. Member of Finance Committee, 1908-9, 1909-10. 

NEWMAN, К. W., Member of Council, July, 1892, to Sept, 
1894; also Oct., 1895, to June, 1896. Vice-Chairman, Oct., 
1894, to Sept., 1895; also Oct., 1902, to April, 1903. Member 
of Finance Committee, Oct., 1902, to April, 1903. 

Oswarp, Jas., Member of Council, Oct., 1909, to Sept., 1911. Member 
of Finance Committee, 1909-11. 

Parsons, К. H., Member of Council, Oct., 1906, to Sept., 1007; 
Oct., 1907, to Sept., 1909. Member of Publications Committee, 
Нот Dec., 1905. Member of Finance Committee, 1908-9. 
Provincial Member of Council for Eastern Counties, from 

‚< Oct., 1999. 

Pearson, J. H., Member of Council. Nov., 1900, to Sept., 1901; 
also Feb., 1902, to Sept., 1903; also Oct., 1903, to Sept., 
1905; and from Oct., 1910. Member of Finance Committee, 
June to Sept., 1901 ; also Oct., 1904, to Sept., 1905. 

Pettit, C. W., Member of Council, Nov., 1905, to Sept., 1906; also 
Oct.. 1907, to Sept., 1909. 

PERKINS, Lorrus, Member of Council, Oct., 1892, to Sept., 1894. 

PEYRECAVE, GASTON, Member of Council, Oct., 1904, to Sept., 1906. 

PuiLPor, Н. P., Member of Council from Oct., 1910. Member of Finance 
Committee, from Oct., 1910. 

PiLLING, Е. S., Hon. Secretary, Summer Meeting, 1901, Plymouth ; also 
of 1902, West Lancashire. Provincial Member of Council for 
North of England, Oct., 1903-4. Member of Council, Oct., 
1904, to Sept., 1905. Vice-Chairman, Oct., 1905, to Sept., 1906; 
also Oct., 1907, to Sept., 1908. Member of Finance Committee, 
1903-4, 1904-5. and 1905-6. 

Porter, E. W., Provincial Member of Council for West of England, 
Oct., 1903, to May, 1906; also from Oct., 1908. 

Porter, R. H. H., Vice-Chairman, Dec., 1884, to Dec., 1885. 

Raitt, C. P., Provincial Member of Council for Southern Counties, from 
Oct., 1906, to Sept., 1908. 

Rasgv, А. E., Provincial Member of Council for North of England, 
Oct., 1904, to Sept., 1906. 

RaAwoRTH, J. E., Member of Council, April, 1897, to Sept., 1898; also 
Oct., 1898, to Sept, 1900. Member of Finance Committee, 
1898-9 and 1899-1900. 
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Кир, H. CanTwRIGHT, Member of Council, Nov., 1900, to Sept., 1901 ; 
also Oct., 1901, to April, 1903. Г 

Кссс, L. H., Hon. Auditor, Oct., 1894, to Sept., 1895. Member of 
Council, Oct., 1897, to Sept, 1898; also Oct., 1904, 
to Sept., 1905. Hon Librarian, Oct., 1898, to Sept., 1902. 
Vice-Chairman, Oct., 1905, to Sept., 1906. Chairman, Oct., 
1906, to Sept., 1907. Member of Finance Committee, 1901-2, 
1907-8. Member of Publications Committee, from Dec., 1905. 

5мітн, С. H., Hon. Librarian, Oct., 1907, to Sept., 1909. Member of 
Council, Oct., 1909, to Sept., 1911. 

STANLEY, A. H., Hon. Auditor, Oct., 1893, to Sept., 1894. Member of 
Council, Jan., 1899, to Sept., 1899. 

SroRRAR, A. Y., Provincial Member of Council for Scottish Districts, 
Oct., 1903, to Sept., 1904. 

Swan, A. D., Provincial Member of Council for West of England, 
April, 1908, to Dec., 1908. 

TavLoR, A. E., Hon. Auditor, Oct., 1887, to Sept., 1890. Member of 
Council, Oct., 1891, to Sept., 1893; also Oct., 1898, to Sept., 


1900. 

Таугов, Е. R., Member of Council, Jan., 1885, to Dec., 1886; also Oct., 
1887, to Sept., 1888. Hon. Librarian, Oct., 1887. to Sept., 189o. 
Hon. Auditor, Oct., 1892, to Sept., 1893. 

Texnant, W. J., Vice-President. Member of Council, Jan. to Sept., 1887; 
Vice-Chairman, Oct., 1887, to Sept., 1889. Chairman, Oct., 
1889, to Sept., 1891. Chairman of Finance Committee, 1896-7, 
also Member, 1900-1; also Chairman, 1901-2, and 1902-3; 
also Member, 1903-4, 1904-5 and 1907-8. Chairman, 1905-6 and 
1906-7. Member, 1909-11. Chairman of Publications Committee, 
from Dec., 1905. 

Тоокеү, W. A., Member of Publications Committee, Oct., 1906. Member 
of Council from October, 1910. 

Тввввү, W. V., Member of Council, Oct., 1902, to Sept., 1904. 

Tyrer, A. H., Member of Council, Oct., 1888, to Sept., 1890; also 
June, 1901, to Sept., 1902; also Oct., 1902, to Sept., 1904. 

Vortey, H. B., Member of Council, Oct., 1891, to Sept., 1892. Hon. 
Librarian, Oct., 1892, to Sept., 1895. Vice-Chairman, Oct., 1895, 
to Sept., 1896. Chairman, Oct., 1896, (о Sept., 1898. Member 
of Finance Committee, 1895-8. Chairman, 1898-9 and 1899-1900. 
Hon. Auditor, Oct., 1901, to Sept., 1904. 

WarpRAM, P. J., Member of Council, Oct., 1888, to Sept., 1890. Hon. 
Librarian, Oct., 1890, to Sept, 1892. Vice-Chairman, Oct., 
1892, to Sept., 1893. Chairman, Oct., 1893, to Sept., 1894. 

WernHaM, W. G., Member of Council, Oct., 1900, to Sept., 1902. 
Hon. Librarian, Oct., 1902, to Sept.. 1903. Member of 
Finance Committee, 1902-3. 

Weston, J., Member of Council from Oct., 1908, to Sept., 1910. 

WHALLEY, G., Member of Council, Oct., 1906, to Sept., 1908. 

Yarrow, Hanorp E., Member of Council, Oct., 1904, to Sept., 1906. 
Provincia! Member of Council for Scottish Districts, from Oct., 
1906, to Jan., 1909. 

Үосмс, А. G., Member of Council, Осі.. 1905, to Sept., 1907. 

Үосхс, D. S., Member of Council, Oct., 1907, to Sept., 1909. 

Үоомс, P. L., Member of Council, Oct., 1902, to Sept., 1904; also 
Oct., 1909, to Feb., 1911. Vice-Chairman, Feb. to Sept., 1911. 
Hon. Auditor, Oct., 1904, to Sept., 1906. Member of Finance 
Committee, 1909-11. 


Ix, 
Wames of Members ín tbe Provinces. 


NOTH.—For Names of Members abroad, see page lxvt. 


ENGLAND. 


BEDFORDSHIRE. CHESHIRE continued. 
BEDFORD. CREWE. 
Davies, J. C. S. l'oogood, G. W. 
Dunn, R. W. EGREMONT. 
Miller, F. S. Needham, C. A. 
Teague, D. P. HALE. 
LUTON. Prichard, C. H. 
Adcock, F. H. HYDE. 
Hovenden, E. V Paterson, À. N. 
BERKSHIRE. PATER. 
ASCOT. аға ашы, 
Humphreys. H. MACCLESFIELD. 
Williams, С. С. Yates, К. С. 
HEAD: MARTER: mé 
ryer, W. J. impson, T. G. 
PANGBOURNE. Nicolson, J. Т 
Fenton, W. H. CORNWALL 
SH CALSTOCK. 
Griflith. S 'B | Glover, M. L. 
Mullard, E. | CAMBORNE. 
Mullard, G. E. TR ТЕП, Н.Р. 
Sydenham, J. W. Kell E. E 
SUNNINGHILL. PENZANCE 4 
Williams, С. С. James, J. H. D 
SWALLOWFIELD. "Taylor Е W. | 
Currie, Е. Н. REDRUTH : 
WALLINGFORD. Penberthy, E. 
Henman, O. W. TORPOINT. : 
WINDSOR. Nowlan, H. J. 
Wadeson, G. TRURO. 
BUCKS. Teague, D. G. 
AYLESBURY. WADEBRIDGE. 
Knowles, G. P. Ennor, М. L. 
BEACONSFIELD. 
Joy, B. H. DERBYSHIRE. 
БӨ a D TE R J 
owas, E. B. ‚7. 
НЕЗНАМ. MATLOCK BATH. 
$ Hunt, D. М. Carter, H. W. A. 
HIGH WYCOMBE. DEVONSHIRE. 
Harris, E. G. BRIXHAM 
SLOUGH. Matthews, W. J. 
Powell, W. H. BUXTON 
Taylor, F. W. A. "Wilson G 
Gascoyne, H. W. Eyles, C 'H 
CAMBRIDGESHIRE. Devonport, H. J. 
CAMBRIDGE. EXETER. 
eee e A. Barnicoat, W. 
ilton, Н.Е. SNTON. 
Aa gone Prof. B. (н.м.) POS W. J. 
ulian : 
Sm PLYMOUTH. 
Parrack, Н. Barwick, H. J. 
i Thomson, Prof. J. J. (v.P.) Jackson, Sir J. (Р.ь.) 
2 Se J.M SALCOMBE. 
СЕКЕ 25007 Durham, Е. R. 
BOWDON. DORSETSHIRE. 
Prichard, C. N. WEYMOUTH. 
BROOKLANDS. Chappell, J. W. 
Downes-Shaw, A. H. King, G. O. 
CHESTER. WIMBORNE. 


Haywood, A. R 


Trevett, B. 
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ON-ON.TEES 
eStmoreland, С. Н. 


ESSEX, 


“RELMsFopp, 
GF. 


7 Сагі Ад F. M. 
RNCHURCH. 
jean G.E. 

1 

FORD ^"^ S. S. 

Burdett, C. G. D. 

MALDON. 

ў Pitt, A. С. 

EW WANSTEAD. 
Walter, С. L. 
; Walter, 5. J. 
NARESBROOK. 


Toynton, W. Е. 

Wauthier, A. C. 
WALTHAM ABBEY. 

Lloyd-Jones, J. W. 
WALTON-ON-THE-NAZE, 

Hughes, G. H. 

Hughes, S. G. 

Lindley, F. E. S. 

O'Brien, J. E. 
WESTCLIFF-ON-SEA. 

Prestwick, J. A. 

Bentall, L. 
WITHAM. 

Rayleigh, Right Hon. Lord (у.р.) 


GLOUCESTERSHIRE. 
BRISTOL. 
Hosegood, T. P. 
Pilling, F. S. 
Stacev, W. H. 
CHIPPING SODBURY. 
Brown, F. A. 
CIRENCESTER. 
Matthews, W. J. 
NEWNHAM. 
Rickie, J. H. 


GLOUCESTERSHIRE—cont nu 
" STONEHOUSE. 


Stotesbury, R. H. 


HANTS. 


BASINGSTOKE. 
Vickers, C. F. 


BOURNEMOUTH. 
Jackson, C. W. 
Saunders, A. 


CHRISTCHURCH. 
Simpson, T. G. 

EASTLEIGH. 
Szlumper, G. S. 


PORTSMOUTH. 
Chubb, B. J. 
Handy, C. E. 
Hayes, M. W. 
Raitt, C. P. 
Stoddart, C. 


SOUTHAMPTON. 
Adams, R. P. 
Clarke, J. H. 
Colson, J. K. 
Howard, G. R. 
Klitz, H. 
Lowke, H. A. B. 
Porter, E. W. 

SOUTHSEA. 

Gill, J. O. 
Hayes, M. W. 
Raitt, C. P. 

WINCHFIELD. 

Hankin, M. H. 


HERTS. 


BERKHAMSTED. 
MacDonnell, M, J. R. 


BOXMOOR. 
Green, J. 
CHESHUNT. 
еса С. 
Sherriff, W. 
HARPENDEN. 
Taylor, F. W. 
HEMEL HEMPSTEAD. 
Fendick, W, 
Lonnon, W. E. 
Streets, R. W. Н, 
KNEBWORTH. 
Williams, B. E. 
LETCHWORTH. 
Ford, E. 
Foster, C. E. 
NEW BARNET. 
Goodman, W. H. 
Smith, A. H. N. 
ROYDON. 
Wormell, К. (н.м.) 


St. ALBANS. 
Neil, 
Spon, C. A. 


TOTTERIDGE. 


Newman, W. H. 


WARE. 
Coward, С. E. (н.м.) 
WATFORD. 
Colebrook, W. N. 
Greenley, H. 
Power, | С. 
Rowland, W. А. 


WHEATHAMPSTEAD. 


Mitchell, P. 


Ixii. NAMES oF MEMBERS in THE Provinces. 


ISLE OF WIGHT. LANCASHIRE. 
COWES. BARROW.IN-FURNESS. 
Norman, M. B. Huddleston, G. 
NEWPORT. Randall, C. 
үрде, H. W. сноу еу, G. 
от, H og роз CoE. 
Chatfeild-Clarke, L. CHORLTON:CUM.-HARDY. 
KENT. HARTON. ace 
ABBEY WOOD. иригп, С. О. 
Fletcher, A. S. В. LANCASTER. 
BECKENHAM. Perkins, Ludlow P. 
соле с. L. LIVERPOOL, 
Sykes, J. C. Mined АЕ. 
BEXLEY HEATH. Meyer, F. 
Mittelhausen, C, J, Н 
Wates, S. B.’ MANCHESTER. 
BROMLEY. дее o біз R. 
Munday, G. C. rmistead, W, К. 
CHATHAM Aspinall, J. A. F. (P.P.) 
Cole. C. H. Atkinson, R. B. 
CHELSFIELD. Cae We J. 
ole, C. E. Elliott, S. J. 
DARTFORD. Ellis, L. В. 
Ball, A. J. Evans. E. R. 
Henderson, W. Hall, W. F. 
Seager, F. H. Hoepstein, C. S. 
Wilkes, S. J Hunt, E. R 
: Hunter, J. C. 
БЕ К. Nicolson, Prof. J. Т. (H.M.) 
Walmisley, A. Т. (H.M.) Phillips, W. A. 
EDENBRIDGE. Rogers, W. G. 
Ewing, J. A. (v.p.) Wise, Ne R. 
e P | Yates, R. C. 
Paton, f. J. MORLEY. y 
Page, J. E. sep J. W. 
GILLINGHAM. PATRICROFT. 
Goulborn, V. 
Riseborough, E. J. | ТОМ 
GRAVESEND. P ш Eur 
Baxter, F. G. е" . 
L'Estrange, Е. S. 
Roberts, E. D. 
SOUTHPORT. 
Roche, E. C. Hirst, В.Р. (ым ) 
GREENHITHE. Mens р tut 
Hurse, A. E. Walmsley, R. 
een NL 
HYTHE. Bowen,C.H.C. 
Jordan, T. R. ah W 
MARGATE. Jackson, C. W. 
Bradley, W. A. New 7 M 
МЕОРНАН; | PEE 
Child, N. S. 
ORPINGTON. ORIEN LUE. 
Trevenen, E. Boothroyd, А. W. 
PEMBURY. Cook, Е. W. 
Jones, F. T. Johnson, . D. 
SEVENOAKS. owell, H. 
Garnett, H. J. Rose, W. Н, 
SHEERNESS. STAMFORD. 
Crabbe, Е. J. Newman, K. C. H. 
SIDCUP. 
Edwards, H. R. MIDDLESEx. 
SOUTHBOROUGH. BRAINTREE. 
Hawtayne, W. Н. Squire, R. H. 
SUNDRIDGE PARK. BRIMSDOWN. 
Fraser, E. H. Hetherington, E. F. 
SWANLEY, ENFIELD. 
Jolliffe, R. Woodhouse, H. 
TUNBRIDGE WELLS. HORNSEY, 
Salomons, Sir D. L. (У.Р. Mitchell, Р. 


NAMES oF MEMBERS IN THE PROVINCES. xii. 


MIDOLESEX—continued. 
MILL HILL. 
Edgcumbe, K. 
NORTHWOOD. 
Palmer, P. W. 
POT EBS BAR. 


Reffell, W. P. 
TEDDINGTON. 
Glazebrook, Dr. R. T. (v.P.) 
TWICKENHAM. 
Ambrose, E 
Huntingford, E. S. 
Thorpe, W. 
Turner, A. G. 
WEALDSTONE. 
Haggie, R. H. 
Maunders, C. 
WEMBLEY. 
Clench, E. m 
Jacobs, J. H 
WEST DRAYTON. 
Thorne, H. H. 
YIEWSLEY. 
Thorne, H. H. 


NORTHAMPTONSHIRE. 
NORTHAMPTON. 
Bassett-Lowke, H. A. 
Bassett-Lowke, W. J. 
Hopkins, L. H. 
Power, J. C. 
PETERBOROUGH, 
Kettle, H. G. 
Osland-Jones, J. H. 
Parsons, R. H. 
Smith, E. 
OUNDLE. 
Sanderson, F. W. (v.P.) 


NORTHUMBERLAND. 

BERWICK-ON-TWEED. 
Inglis, R. C. 

I йя 

SORTHUMBERLAND 
Briggs, C. 

NORTH. SHIELDS. 
Mustart, J. W. 

WALLSEN| 
Parsons, Hon. C. A. (P.P.) 
Sanderson, Ww Td R. 
Mustart, J. W 

WYLAM. 
Parsons, Hon. C. А, (р.р). 


NORFOLK. 
DOCKING. 
Mullard, G. E. 
FAKENHAM. 
Downes-Shaw, A. H. 
Gr. YARMOUTH. 
Nash, W. T. 
NORTH "WALSHAM. 
Rust, R. S. 
NORWICH. 
Glover, T. (H.M.) 
zm ht, A. E. 


NOTTINGHAMSHIRE. 
BARNSTONE. 
Moore, F. W. 
LONG EATON. 
Rollason, F. A. 
NEW BALDERTON. 
Leonard, A. 


NOTTINGHAMSHIRE-—continued. 
NEWARK. 
Gillespie, T. F. 
Leonard. A. 
Lymer, B. J. 


OXFORDSHIRE. 
HENLEY-ON-THAMES. 
Kilburn, B. E. D. 


SHROPSHIRE. 
SHREWSBURY. 
Williams, W. D. 


SOMERSETSHIRE. 
TAUNTON. 
Bray, G. J. 
Scott, A. J. 
WATCHETT. 
Reynolds, Prof. O. (v.P. 


STAFFS. 
SMETHWICK. 
Stubbs, A. 
TIPTON. 
Stephenson, S. O. 
WEST BROMWICH. 
Alston, W. W. 


SUFFOLK. 

IPSWICH. 
Kettle, H. G. 
Strutt, J. W. 

LOWESTOFT. 
я А. 
Sawyer, W. J. 

STOWMARKET. 
Ports, S. 
Sherwin, J. W. 


SURREY. 

BURGH HEATH. 
Leaning, H. J. 

EAST MOLESEY. 
Hulett, C. G. 

EGHAM. 
Kinnersley, W. G. 

FARNHAM. 
Hulme, C. T. 

GODSTONE. 
Crowter, G. E. 


HASLEMERE. 

e Sir A. (v.P.) 
HORSELL. 

Bowie, P. G. 
KINGSTON. 

Ambrose, E 
KINGSTON HILL. 

ene J. W. 
OXSHOTT. 

Brooks, S. M. 
OCKHAM. 

Boulton, E. 

TED. 


Fisher, F. 
SUDORE, J. (Р.Е.) 
PURL 
De ‘Ville, M. 
Le Mare, R. 
Rickwood, H. J. 
Watson, T.A. 
REIGATE. 
Channon, H. C. 
Gretton, S. E. 
RICHMOND. 
Blakeney, S. E. 
Dyson, : 
Gardner, A. C. 
Norman, G. F. 


Ixiv. NAMES or MEMBERS IN THE Provinces. 


SURRE Y—continued. 
RIPLEY. 
Boulton, E. 
SELHURST. 
Chabot. C. B. 
Chabot, V. H. 
SUTTON. 
Arding, G. F. 
Brown, W. H. 
Hogg, Ww. T. 
Hole, S. H. 
Jackson, A. E. 
anley, E. H. 
Pott, С. W. 
WEMBLEY. 
Taylor, J. C. 
WHYTELEAFE. 
Cooper, W. J. 
WOKING. 
Annett, Н.С. 
Bartlett, J. 
Hickling, H. 


SUSSEx. 
BOGNOR. 
Watson, F. G. 
BRIGHTON. 
Cole, C. E. 
Cowdero , ХУ, 
Evans, Е В. 
Rose, Т.Н. 
Seldon, Е. 
HAYWARDS HEATH. 
Hill, C. H. 
HOVE. 
Peyrecave, G. de 
eyrecave, I. de 
UCKFIELD. 
Rose, T. H. 


WARWICKSHIRE. 
BIRMINGHAM. 
Arblaster, G. 
Barron, S. T 
oggust, A. E. 
B Т.Е. . 


Ellis, B. A. W, 
Ellis, R. B. A. 
Jeavons, E. E. 
Jewell, E. J. 
Kapp, G. (V.P.) 
Parker, M. R. 
Pott, С. М, 
Rollason, Е.А. 
Rowledge, A. J. 
Stan er-Leathes, L. 
Stubbs. A. 
Summers, J. M. 
umpner, W. Е. (H.M.) 
angye, С. (н.м.) 
COVENTRY. 


LEAMINGTON. 
Hodkisson, G. T. 
Kennan, J, J. 


WARWICKSHIRE—continued, 
RUGBY, 


Hawkins, F. J. 
WEST BROMWICH. 
Mears, E. J. 


WILTS. 
CHIPPINGHAM. 
Minett, H. C. 
DEVIZES. 
Cole, A. A. 
SALISBURY. 
Randall, A. B. 
WESTBURY. 
Jacob, G. S. 


WORCESTERSHIRE. 
DUDLEY. 
Brownhill, Т. L. 


YORKSHIRE. 
BRADFORD. 
Heron, E. F. 
Johnson, J. E. 
DONCASTER. 
Cole, C. E. 
HALIFAX. 
Benyon, G. A. 
Brearley, P. A, 
HARROGATE. 
Newman, K. C. H. 
HUDDERSFIELD. 
Comber, S. X. 
HULL. 
Avis, P. S. 
LEEDS. 
Bingham, A. 
Densley, A. R. 
Foster, H. P. 


Tannett-Walker, А. (H.M.) 


MIDDLESBROUGH. 
Telford, J. C. 
Westmoreland, C. H. 


RAWMARSH. 
Jockel, L. M. 
ROTHERHAM. 
Bowen, C. H. 
Causton, G. T. 
SELBY. 
Almack, A. 
SCARBOROUGH. 
Carpenter, С. W. 
SHEFFIELD. 
The Master Cutler (у.р.) 
Cocker, Т. С. 
Hobson, А. (у.р.) 
Fawkes, A. W. E. 
Firth, T. H. 
Hodgkinson, Р. W. 
How, C. E. 
King, E. 
Little, J. . 
Mellowes, F, W. 
Milburn, G. 
Robus, G. H. 
Stanley, R. J. 
Sturgeon, G. B. 
Williams, J. 
SHIPLEY, 
Gill, J. O. 
Swit enbank, R. S. 
STOCKTON. 
Haybettel, L. M. 
Rickwood, H. C. 
Waddington, S. C. 


NAMES OF MEMBERS IN THE PROVINCES. 


YORKSHIRE continued. 
WAKEFIELD. 
Jewell. E. J. 
WATH-ON-DEARNE. 
Morley, J. 
YARM-ON-TEES. 
Rickwood, H. C. 
Waddington, S. C. 
YORK. 
Kempster, H. 


CHANNEL ISLANDS. 
GUERNSEY. 
Randall, C. R. J. 


WALES. 


ANGLESEA. 
HOLYHEAD. 
Ozbrow, C. E. 


CARDIGAN. 
ABERYSTWYTH. 
Davies, D. T. 
GLAMORGAN. 
CARDIFF. 
Cattley, L. M. 
Crow, L. 
Elliott, Prof. А. C. (н.м.) 
Gould, H. T. 
Loisu, P. 
GLAMORGAN. 
Rhys, W. L. 
NEATH. 
Walker, R. L. 
SWANSEA. 
Hyne, H. E. 
Ruthen, C. T 
PEMBROKE. 
PEMBROKE. 
Hunt, H. F. 
Smith, W. J. 
MONMOUTH. 
NANTYGLO. 
Jones, A. J. M. 


SCOTLAND. 


ABERDEEN. 
ABERDEEN. 
Harper, W. 


ARGYLL. 
LOCH AWE. 
Alston, C. H. 


AYRSHIRE. 
KILMARNOCK. 
po F. 4 
ingston, S. 
CAMBUSLANG. 
TANZIEKNOWE. 
Singleton, C. 


DUMBARTON. 
BEARSDEN. 
Sanderson, C. J. 
Yarrow, H. E. 
DUMBARTON. 
Denny, A. (P.P.) 


EDINBURGH. 
EDINBURGH. 
Adams, Р. W. 
Beare, Prof. Т Н. (н.м 
Мега, W. С. 


FIFESHIRE. 
ROSYTH. 
Jacob, G. S. 
Mules, R. J. 
Reid, H. Cartwright. 


INVERNESS. 
INVERNESS. 
Gordon, S. H. 
McCrum, J. A. 
Newlands, J. 


LANARKSHIRE. 

GLASGOW. 
Barr, Prot. A. (H.M.) 
Briges, C. T. 
Brooks, G. 
Croad, A. K. 
Hunter, Adam 
Jackson, G. E. 
Main, R. B. 
Storrar, A. Y. 
Whitson, R. A. 
Young, W. E. 

NEWTON. 
Robertson, A. 

RUTHERGLEN. 
Hunter, A. 
Main, R. B. 
Robertson, A. 


RENFREWSHIRE. 
GREENOCK. 
Taylor, Geo. 
GOUROCK. 
Green, E. W. 
SCOTSTOUN. 
Rogerson, J. G. 
Yarrow, H. E. 


ROXBURGH. 
HAWICK. 
Purdom, W. A. 


IRELAND. 


ANTRIM. 
BELFAST. 
Ball, A. J. 
Cuming. G. (H.M.) 
BUSHMILLS. 
Traill, W. M. (н.м.) 


CORK. 
HAULBOWLINE. 
Chubb, B. J. 


DONEGAL. 
BUNERANA. 
Yorgan, J. 


DUBLIN. 
BALDOYLE. 
Peard, W. H. 
DUBLIN. 


Ixv. 


Holmes, Sir G. C. V. (H.M.) 


Harvey, C. F. 
Lilly, W. E. 
Richardson, T. H. 
Traill, A. (н. M.) 
Woolcombe, R. L. 


LOUTH. 
DUNDALK, 
Peard, W. H, 


Ixvi. 


Wames of Members abroad. 


ARGENTINE REPUBLIC. BRITISH NORTH BORNEO. 


BEAUFORT. 
BAHIA BLANCA. 
Williamson, H. е W. J. 
BUENOS AYRES, қ Е 
- Bradley, W. А. Johnston, J. W. 
Hartley. С. J. 
Inglis, R. C. BURMA. 
HENZADA. 
MENDOZA. 
Currie, E. H. Bell, C. B. 
Daw barn, К.Р. KYANTORE. 
Morris, A. P. 
ASSAM. CANADA. 
DEBRUGARH. CAM PBELLFORD. 
Bayden, L.. Е. Fawkes, A. W. 
MANGALDAI. EDMONTON (ALBERTA). 
McKenna, W. E. Underwood, E. 
LONDON, 
BASUTOLAND. Fawkes, A. W. 
MONTREAL. 
MASERN. Barber, W. Е. 
Whitson, R. Brunning, E. J. 
Burnett, F. C. 
Davies, В. 
BELGIUM. Logan, RS. 
BRUSSELS. wan, A. D. 
Kohler, A. M. Yorgan, J. A. 
2 ONTARIO. 
LIEGE. : 
Moore, F. W. Ballantyne, W. M. H. 
SASK. " 
Chabot, C. B. 
BRAZIL. TORONTO. M 
Ballantyne, . M. H. 
cmd J. Hu. 
Peyrecave, G. de. аипиег, А. 
Т 
PERNAMBUCO ш з 
Knight, Е. УМ. Shewia 
RIO DE JANEIRO. 
Vogel, H. E. T. CAPE COLONY. 
SAO PAULO. BAYVILLE. 
Hamp, J. A. Shand, K. R. 
CREDOCK. 
BRITISH COLUMBIA. Newman, В. W. 
AST LONDON. 
NEW WESTMINSTER. E W A, 
Longhurst, T. J. MOLTENO. 
VANCOUVER. Vice, P. G. 
тешен ла UITENHAGE. 
Brown, P. P. 
Field, C. E. Thornton, J. M. (н.м.) 
Maclean W. E. CEYLON. 
/ . Pilling, Е. 5. COLOMBO. 
E -. kilinister, С H. 
27 BRITISH EAST AFRICA. Morris, R. G. 
TRINCOMALEE. 
BEIRA. : 
Powell, W. Н. Henman, О. М, 
KISMAYU. ` CHILI. 
Pendleton, W. J. ANTOFAGASTA. 
Cotton, C. G. 
< IANA. Taylor, A. B. 
BRITISH GUIA БӨК АК. 
KONWARAK RIVER. Haywood, A. R. 
Henderson, J. VALPARAISO. 
Henderson, J. H. Lyon, E. 


NAMES OF MEMBERS ABROAD. 


CHINA. 

HONG KONG. 
Baker, R. 
Goulborn, V. 
Hewitt, A. H. 

MACAO. 

Loo, K. C. 

PEKING. 
Maiden, L. E. 

TONG SHAN. 
Chatley, H. 


COLUMBIA ($.А.). 


PANAMA. 
Browne, B. F. 


CUBA. 


SAGUA. 
Mayne, J. С. 


EGYPT, 


CAIRO. 
Ablett, N. L. 
Biliotti, E. 
Biliotti, F. 
DUEIM (SOU DAN) 
Macdonald, S. M. 


FRANCE. 


LE CREUSOT. 
Schneider, E. 
PARIS. 
Canet, P. A. 
Fazan, B. 
Julhot, Н. (н.м.) 
Kitchin, J. W. 
Schneider, E. (H.M.) 
Vaulx, Count de la (H.M.) 
3t. CLOU D (near Paris). 
Warnant, E. 


GERMANY. 
BERLIN, 
Brearley, C. A. 
BUDENHEIM-ON-RHINE. 
Kupferberg, B. A. 
FRANKFORT-ON-MAINE. 
English, J W. 
Lindley, W. H. (Past-Pres.) 
HANOVER. 
Kórting, L. (H.M.) 
STETTIN. 
Drory, P. R. 


GOLD COAST COLONY. 


ACCRA. 
Pettit, C. W. 


HOLLAND. 
DE STEEG. . 
Brantsen, C. A. 
INDIA, 
AJMEER. 
Shephard, T. F. 


AVINIGUDDA. 
Roberts, W. P. 
BANGALORE CITY. 

Serti, S, V. 
BENARES. 
Fenn-Simkins, G. 


INDIA—continued. 


BILLIMORA. 
Conn, W. J. 
BOMBAY. 
Harper, W. 
Hulett, C. G. 
Mooraj, Е. С. 
Wilkinson, A. R. 


BURDWAN. 
Nash, W. T. 
BURMA. 
Govan, H. M. 
CALCUTTA. 
Adams, R. P. 
Allsop, J. W. K. 
Clarke, C. A. 
Edmonds, A. M. 
Fisk, R. J. 
Mansfield, G. 
Reid, G. E. 
Rust, R. S. 
Short, F. M. 
CHITTAGONG. 
Wheeler, A. G. 
DACCA. 
Heron, E. F. 
Hunt, E. 
DHARWHAR. 
Bowen, C. H. 
HENZADA. 
Bell, C. B. 
HYDERABAD. 
Mooraj, F. C. 
JALPAIGURI. 
MacBean, J. A. 
KARWAR. 
Ramaswainiengar, M. S. 
KHARGPUR. 
Gates, L. W. 
KOLLEGAL. 
Naidu, C. N. V. R, 
KYANKSE. 
Morris, A. P. 
LAHORE. 
Hunter, J. C. 


MADRAS. 
Rust, R. S. 
Roberts, W. P. 


MAYAVARAM. 

Aiyar, J. S. K. 
MORVI. 

Harper, W. 
PATIALA. 

Saggee, М. В. 
PERAMBUR. 

Yates, R. C. C. 
RANGOON. 

Rickie, J. H. 
RISHRA. 

Wawn, C. J. 
SIBPUR. 

Richardson, T. H. 
SITAPUR. 

Storrar, A. Y. 


TRICHINOPOLY. 
Chabot, V. H. 
Davies, D. Tudor. 


VIZAGAPATAM. 
Vaughan-Jones, E. 


Ix vii. 


Ix viii. NAMES OF 
“ITALY. 
GENOA. 

Sells, Chas. de Grave (H.M.) 


SAMPIER p'ARENA. 
Dunn, F. W. 


JAPAN. 


TOKIO. 
Clare, G. E. 


YOKOHAMA. 
Groundwater, W. 


MALAY STATES, 
t FEDERATED. 
KUALA LUMPUR. 
Evans, F. D 


MALTA. 


VALETTA. 
Johnson, W. P. 


MEXICO, N. AMERICA. 


SINALOA. 
Tarcy, N. T. 


NATAL. 
DURBAN. 
Norman, G. F. A. 


RICHMOND, 
Dempster, H. G. 


NEW SOUTH WALES. 


SYDNEY. 
Boult, E. F. 
Butcher, E. G. 
Lee, H. W. 
Maclean, W. E. 
Moorhouse, T. E. 
Poole, A. H. 
Purdom, W. A. 


NEW ZEALAND. 


AUCKLAND. 
Powell, F. E. 


CHRISTCHURCH. 
Moore, W. L. 


DUNEDIN. 
Talboys, F. P. 


NELSON. 
Hewett, J. P. 


WELLINGTON, 
Hewitt, J. P. 
PORTUGAL. 
OPORTO. 
Ennor, E. L. 
QUEENSLAND. 
Lee, H. W. 


RHODESIA. 


BULAWAYO. 
Peard, W. H. 


WANKIE. 
'Irevenen, E. 


RUSSIA. 
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DROPPING THE It must have been with feelings of the most pro- 
PILOT. found regret that every member of the Institution 


learned of the impending retirement of our honoured Secretary. 
Mr, W. T. Dunn has been so long identified with the Junior Institu- 
tion of Engineers in its every aspect and has so thoroughly and 
ungrudgingly devoted himself to its service, that one can hardly 
realise the fact that in a few brief days he will no longer occupy 
the position which he has so admirably filled. Such, however, is 
the case, and much as we all regret his decision, we regret still 
more the cause which has compelled Mr. Dunn to relinquish what 
has practically been a life's work. When our Secretary informed 
the Council that he must hand over his duties to a successor, as 
he felt no longer equal to the strain of the work, every effort was 
made to devise some scheme which would enable him to reconsider 
his decision. Members do not need to be assured how earnest these 
efforts were, and how anxiously every alternative was sought and 
discussed, but every plan proved fruitless, and sincerely as we 
shall all deplore his absence from the accustomed place, it would 
be sheer selfishness to wish him to maintain a burden which Nature 
warns him to lay down. 


To attempt to pay a just tribute to Mr. Dunn's work on behalf 
of the Junior Institution of Engineers, is a task fortunately as 
needless as it is difficult. He was one of the little band of 
enthusiasts who moulded it in the beginning, and impressed it with 
those characteristics in which it is still unique, In 1884, the year 
of its birth, under the name of the Vulcanic Society, he undertook 
the duties of Secretary, acting then in an honorary capacity, and 
laying the foundations of that edifice upon which he can truly look 
with pride to-day. A few years later a crisis occurred in the fortunes 
of the Society, and had the issue been other than it was we should 
have then lost the invaluable services and personality of the man 
who for the next eighteen years has so ably occupied the secretarial 
chair. For Mr. Dunn, in the year 1893, was faced by the alternative 
of giving up an assured position and excellent prospects, or of 
relinquishing the duties which he performed gratuitously for us. 
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We were then in the days of small things and little enough could 
we offer in the way of inducement, pecuniary or otherwise, to 
retain our Secretary. But he, unwise, perhaps, in the eyes of the 
world, was true to his heart and instinct, and decided to devote 
himself to the welfare of the young Society, who then appointed 
him as Secretary with the very modest salary their scanty means 
would permit. From that day to this Mr. Dunn has shown the 
same spirit, and has stood steadfastly by the Institution with which 
he then threw in his lot. The one object with which it was founded, 
namely, to serve the interests of the junior members of the pro- 
fession, was especially dear to him, and knowing that the strength 
of the Institution was the measure of its usefulness, he has laboured 
heart and soul to promote its fortunes. 

The success which has attended the efforts of all those who have 
taken their part in building up our Institution, renders us liable 
to under estimate the difficulties which they had to overcome. They 
started without experience or precedents to guide them, certain 
only of their ideal, but confident that a way to approach it could 
either be found or made. The absence of precedents was no doubt 
in many ways to our ultimate advantage, as we were free from 
the fossilising influence which precedents tend to exert. But this 
freedom carried with it the possible danger of ill-considered action, 
which might have wrecked the organisation so hopefully being 
evolved. There have been, of course, crises and vicissitudes such 
as ure inevitable in the history of every living society, and in none 
so more than in our own, where the spirit and enthusiasm of youth 
have always been predominant. Yet, in spite of everything, we 
have steadily progressed and we now form a society which for real 
usefulness to its members and in liberality of its Constitution will 
compare favourably with any engineering organisation in the 
world. 

The record of our career is a testimony to the ability of the 
members, who, individually and collectively, have worked to make 
the Junior Institution of Engineers what it is to-day. Those who 
have been privileged to serve the Institution as Councillors have 
never lost sight of its original object, and it is their reward to 
know that their ideal is still before us. But Councils come and 
Councils go, and those who have striven hardest for the Institu- 
tion’s welfare will be the most ready to acknowledge how much of 
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the consistence of its policy and the success of its efforts have been 
due to the admirable qualities of the Secretary. Mr. Dunn always 
enjoyed the most unbounded confidence of the successive Councils 
which have controlled our affairs, When at times rival parties 
sought the common good by different means, neither side could 
ever Claim for themselves that their opinions were shared by Mr. 
Dunn. In fact, at no time did he ever express his own opinion 
on any subject under discussion, unless at the particular request 
of the Council as a whole, and even on such occasions his observa- 
ions were more in the nature of the impartial summing up of a 
ase for the jury by a judge than the expression of a personal 
inion, so rigidly did he keep himself apart from factions. Апа 
*t, when a decision was eventually arrived at, we all felt that the 

‘ght course had been adopted, and we knew that somehow or other 
Ж. Dunn had contributed to bringing it about. 

Great as was the responsibiliy on Mr. Dunn's shoulders, he 
“ver encroached upon the functions of the Council. They laid 
twn the policy of the Institution and decided on the means to 
give effect to it, while he devoted himself to carrying it out in 
`и and in letter. Мо one could ever say that Mr. Dunn had 
"luenced the policy of the Council—or, rather, no one could say 
‘actly how he had done so. The same supreme tact and kindli- 
s which characterised his conduct at the Council table, endeared 
um to the members in general. No matter how busy he was in the 
хегсіѕе of his multifarious duties, he was always accessible to 
Ше humblest member of the Institution. Everyone who called at 
# Victoria Street received a genial welcome and any advice ог 
sistance which it was іп the power of the Secretary to afford 
‘im. Moreover, he left with a renewed feeling that the Institution 
8 not a subscription collecting bureaucracy, but an embodiment 
tthe ideals of self help and mutual assistance among Junior 
‘ngineers. Hard as Mr. Dunn worked, he never sought credit 
‘or himself. The consciousness that he was furthering the Institu- 
"on's interests and maintaining its ideals, seemed sufficient for 
him, and he was wonderfully successful in imparting his own 
‘tthusiasm to others. All those who came in contact with him, 
*ho were in a position to help the Institution in any way, very 
soon felt a desire to do so, and Mr. Dunn was always willing to 
indicate a suitable direction for their energies. The famous 
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engineers who have held our Presidential chair, the generous mem- 
bers who have contributed to our library, building and benevolent 
funds, the courageous members who have read papers at our meet- 
ings, and the less known individuals of our rank and file, who foster 
our spirit and extend our influence, all contain many recruits who 
owe their inspiration to the influence of our Secretary. 


Mr. Dunn is so well known to the members, particularly to 
those living in and near London, that his photograph which is 
reproduced will serve but as a reminder of a familiar face. But 
those abroad and elsewhere, who have not been able to meet him 
personally, will be glad to have a portrait of the man who has so 
admirably held the most onerous and responsible office in the 
Institution for twenty-seven years. Reluctant as we are to see 
him depart, we hope for many years to come that we shall have 
the benefit of his wisdom and long experience. Could our apprecia- 
tion of his services be better shown at this juncture than by asking 
him to accept the highest executive position which it is in our 
power to bestow, and by holding the Chairmanship of the Institu- 
tion for the coming session to acquire the right to assist in the 
deliberations of our Councils for ever afterwards? 

R. H. Parsons. 


OBSERVATIONS 
IN GENERAL. 


Charles Farquhar Shaw (Member) has gone out to Arabia under 
the auspices of the Students’ Christian Association, in connection 
with the University of Michigan, Ann Arbor, U.S.A., of which 
he is a graduate. He will make first of all for Busrah, notable as 
the place of embarkation every year for thousands of pilgrims for 
Mecca. Thousands more enter Busrah on their way to the shrines 
at Kerbela and Nejf. 


ж х + * * ж 


“Тһе Michigan Daily,” in referring to Shaw’s departure, states 
that four steamship lines, with weekly or monthly sailings, con- 
nect Busrah with Bombay, London, Odessa and Hamburg, while 
each September steamers go directly to New York loaded with 
dates for the American market. 
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Sir William Willcocks, well known for his irrigation engineer- 
ing achievements in Egypt and India, has been appointed by the 
Ottoman Government to manage the irrigation schemes in 
the Tigris-Euphrates Valley, and is already employed in construct- 
ing the preliminary works. Sixteen million acres will come under 
cultivation. 


* * * * * * 


With petroleum in unlimited quantities, discovered twenty miles 
South, and a railroad from Constantinople, Busrah promises to 
become in a decade one of the foremost emporiums of the near East. 


* * * ж + + 


Shaw writes: “А great opportunity for an engineer—that is 
*x | am going to Arabia. An opportunity to render a public ser- 
‘eto a city, to clear out malaria, to bring in pure water, to instal 
“oper drainage systems, to pave streets, to lay out parks."' 


* * * * > ж 


“Ап opportunity to build buildings, to explore and develop 
айга] resources, to irrigate thousands of acres of the most fertile 
and п the world. That represents іп a few words the chances of 
a engineer іп Arabia.” 


* * * * * ж 


"Не will not receive а princely salary, but he сап live comfort- 
4х. There will be occasional vacations, but there will be plenty 
“hard work. He will have every chance of placing his life where 
twill count for the most in e service of humanity, and that 15 
itat | call a great opportunity.’ 


* ж ж ж ж ж 


Every brother Junior will wish our Arabian Knight success in 
"** campaign he is about to enter upon. 


* * * * * * 


This month, H. Cartwright Reid (Past Vice-Chairman) will be 
4 recipient of many congratulations on the responsible appoint- 
"ent which has fallen to his lot as successor to Colonel S. Н. 
Exham, R.E., who has been superintending engineer of the Rosyth 
Harbour since the inception of the scheme seven years ago, and 
retires under the age regulation on January rst next. 


6 CORRESPONDENCE. 


, 


“ Engineering," in referring to the appointment, remarks: 
“ Mr. Reid was responsible for the works at Malta which we fully 
illustrated and described two years ago, and no doubt the experi- 
ence he gained there, and the successful character of the work 
performed, influenced the Lords of the Admiralty in appointing 
him as successor to Colonel Exham in the responsible position of 
superintendent of probably the largest engineering work at present 
in progress in England or Scotland." 

* * * * * * 

We have been asked to draw attention to the special arrange- 
ments made by the University of London, University College, for 
lectures on the following subjects :—‘‘ Egyptian Architecture,” 
by Prof. W. M. Flinders Petrie ; ‘‘ Some Modern Methods in the 
Design of Structures," by Mr. Н. Р. Philpot ; ‘‘ The Photomicro- 
graphic Study of Metals,” by Mr. Е. Bacon; “ English Medieval 
Architecture," by Mr. E. S. Prior, F.R.I.B.A. ; “ Photographic 
Surveying," by Mr. M. T. Ormsby ; “ Steam Turbines,’’ by Mr. 
W. J. Gouldie ; “ Problems in Heating and Ventilation Awaiting 
Solution by the Engineer," by Mr. А. Н. Barker; '' Electric 
Design,” by Mr. E. Kilburn Scott. 

The lectures will be given by experts in the various subjects with 
which they deal, and we can confidently recommend them to mem- 
bers as particularly suited to their requirements. 


CORRESPONDENCE. 


Wind Pressure on Roofs. 


Е. E. Powerit (Member) of the Engineer’s Department, 
Auckland Harbour Board, Auckland, New Zealand, writes under 
date, September 6th, 1911 :—-I was much interested in Mr. Percy 
Waldram’s brief article on the above subject in the July issue, 
which deserves special consideration by all those who have 
structural work to design. The writer infers that he looks upon 
a pressure of so lb. per square foot of vertical surface as too high 
a loading, and as one who agrees with him I should like to see 
some discussion of the pros and cons. 

As Мг. Waldram shows, a wind pressure of 50 lb. per super. 
foot is equivalent to a wind velocity of 130 miles per hour or 
thereabouts, which is surely unknown except possibly in a few 
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districts which already have a bad reputation for violent wind 


action. No doubt allowances for ‘‘ dd 


impact," suction or vacuum, 
or even what one might call ‘‘ tuned ” vibration, must be made 
in many cases, but the ordinary purposes of design of roof mem- 
rs should be quite well served by the adoption of a pressure of 
jo lb. per square foot on the vertical surfaces, the pressures 
»rmal to surface of roof being calculated according to the co- 
theients given by Unwin, and especially if the ‘‘ suction "' load- 
ngs given by Mr. Waldram on pages 418-419, Vol. XXI., be taken 
шо account. Any greater loading due to winds of extraordinary 
“lence, would surely be accounted for by the margin of safety 
Xween the calculated loading and the ultimate strength of the 
“terials. 

| have had a considerable amount of designing of works 
"tesed to the winds of a large harbour, and in a country which 
dv has a twenty-four hours’ calm. In all these works the 
“ove-mentioned pressure of зо lb. has been the basis of design, 
5d the various structures have not, so far, called forth any 
Zücism on the score of weakness, as far as the question of wind 
reds 15 concerned. А factor of safety of 4 has been used as a 
"mmum, and it has further been the practice to measure that 
xor on the basis of the lowest breaking stresses allowed. Thus 
* steel of the usual 28-32 tons strength, the lower figure is taken 
sd divided by 4, giving 7 tons per square inch as allowable 
"eking stress—of course making the usual further allowances 
"various special conditions. 

Üne would always like to feel that his methods were such as 
"ud meet with the approval of other engineers—that is why I 
‘æ to see some discussion of the subject іп The Journal, which 
?me personally is always one of the most welcome items of the 
"me mail. 
"t shall be glad to receive letters from Members expressing 

their views on the points raised by Mr. Powell.—Ep.] 


LIFE IN PORTUGUESE EAST AFRICA. 
By ARTHUR C. V. BAINES OF THEBUS, C.C. 
My dear Mr. Dunn,— 

The experiences of Juniors are varied, as also are the conditions 
under which they work. I think the experiences of our fellow- 
member, A. C. V. Baines, so graphically described in the enclosed 
letters to me, are worthy of being placed on record. I have there- 
fore sought and obtained his permission to send them on to you | 
for publication, after striking out the little personal matters which . 
only interest us two. 
I think you and all Juniors will be struck with the wealth of . 
detail, and will feel that the spirit of a Junior has descended on - 
Mr. Baines. His keen interest in his work of converting the great- 
sources of power in nature for the use and convenience of man 
under circumstances which do not conduce to personal comfort, 
and his resource in converting cart springs, etc., into uses for 
which they were never intended, are worthy of record in our 
Transactions, and may be of interest to those who live in a more 
temperate climate and under more civilised and healthy surround- . 
ings than did our brother Junior in Portuguese East Africa. 


Yours sincerely, 
R. W. NEWMAN. 
First Letter. 
East London, 
March 28th, тогг. , 
Dear Mr. Newman,— | 

You will no doubt be surprised to hear from me from this place, . 
where I arrived two weeks ago from the East Coast. Briefly. the - 
Portuguese East African climate was too bad to admit of enter- | 
taining the idea of ultimately bringing my family into a country - 
with such a climate. 

Life up the Zambesi is one long warfare between man and 
nature, and in the end nature usually wins I think. 

Two prominent facts lead me to that rather dire conclusion, to 
wit-—one sees neither young children nor old men there ; as to the 
former, the place 1s too unhealthy for man and wife to live in, and 
in regard to the latter, well men usually clear out or peg out before 
old age reaches them, blackwater fever gets there first. Last 
year in my district forty-two men died from blackwater alone, so 
old age was badly beaten that trip. 
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My place was on an island between the Zambesi and the lower 
Shire rivers, originally being that portion of the mainland running 
down to the point of confluence of the two rivers. Years ago, 
however, the Zambesi coming down in high spate overflowed into 
the Shire above its junction with the latter ; this overflow became 
permanent, and is now the Zue-Zue river, forming the third 
boundary of the triangular-shaped island named Inhamgoma on 
the maps, and locally known as Bompona. 

Landing at Chinde, one is not prepossessed with the outlook, 
ion houses strewn without order or effect other than confusion, 
on a waste of hot white sand. The method of landing is dis- 
unctively retrogressive. One arrives off the place in all the 
splendour of the mail boat, but actually reaches terra firma on the 
nck of a burly native, pick-a-back style. 

Being a Briton I naturally walked up into the British ' Con- 
ssion, a spot worthy of a passing remark, forming as it does 
^e one land link in what may be called the All-Red Route from 
Че deck of a British mail boat into British Nyassaland. The 
concession is an area of originally twenty-five acres, now increased 
oI think fifty acres of land granted to Britain by the Portuguese. 
Herein one can be free from customs troubles and all things 
Portuguese. І put up at the African Lakes Corporation Hotel 
until the following day, when the River steamer was due to leave 
‘or my destination up the Zambesi. The African Lakes Corpora- 
Чоп was originally a purely missionary institution founded, I 
Xlieve, in Scotland ; it has however (if you do not object to the 
*ord) degenerated into essentially a business trading concern, and 
шт hotels (but no bars), steamers, banking agencies, and even 
the tobacco I smoke as I write is supplied by the A.L.C. Anyone 
going into the hinterland from the sea cannot do better than place 
ümself in the hands of this Corporation, and he will find it a force 
moving for clean and comfortable travelling, and what is more, its 
steamers run to their time-tables, making good connections with 
the ocean boat at the one end and the railway train at the other. 
The day after my arrival I boarded the A.L.C. sternwheeler river 
steamer “ Empress." The Corporation's boats are of the usual 
type of flat-bottomed river craft, drawing two feet of water, with 
an upper and lower deck, boiler forward and paddle-wheels aft, 
heavily braced longitudinally to take up the strain of the heavily 
loaded ends. The engines are of about roo h.p., or rather the 
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boiler develops that power ; the engines aft drive the two paddle 
wheels, the latter running independently of each other, the floats 
being staggered so as to reduce the shock of taking the water. 


The first two hours going is up the Chinde river, really one of 
the seven mouths of the Zambesi, but after passing Chinde Heads 
one comes out upon the full bosom of the great waterway. 


In the early part of the year the river is in full flood owing to 
the up-country rain being on, and the volume of water rushing 
down is truly impressive to an irrigation man who has gloried in 
his thirty cusec canals. Riverside sights of interest are few and 
far between ; any one mile of bank is exactly like all the other 
miles, palms and reeds with here and there a small native village 
the inhabitants of which usually come out to the bank to gaze at 
the passing boat; they seem to have little else to do. Here and 
there natives may be seen fishing from the long, black, dug-out 
canoes that slip in and out among the reeds like shadows. We | 
stopped an hour at the Chipanga Mission Station, a Jesuit institu- - 
tion now fallen into disrepute through the turn of the wheel in | 
Portugal. Неге, in a small graveyard, I bared my head to the | 
stone that marks the resting-place of Livingstone's wife; here | 
lay also, as my rusty French enabled me to read, the remains of | 
dead and gone Jesuit padres. These old people and the few that | 
are left, have made a beauty of the wilderness in this lonely spot 
of Portuguese East Africa, and now the powers that be have, with 
the order of expulsion of the Jesuits, ordained that nature shall 
come to her own wild dominion again after these many years. 

In one year of nature's obliterative power one will be hard put 
to it tq find trace of orchard and vineyard, garden or well-trimmed 
walk. It seems a pity, and so unnecessary, to cast out these 
harmless old Fathers, and there is so overpowering a sense of 
the untamed in all this land that the sight and presence of man- 
guided vine branches and pruned and ordered fruit trees is surely 
worth retaining. I saw it all, the little chapel with its carved 
altar, the work of native pupils, the workshops where one can get 
the most comfortable slippers in all Africa, also of native manu- 
facture, for the old priests taught the hand as well, if not better 
than they cared for the souls of their dusky pupils, but to-day the 
pupils are scattered and only two old Fathers remain. 

I went back to the boat thinking of the apparent futility of 
human endeavour at any rate in Portuguese East Africa, but once 


LiFE iN PorRTUGUESE East AFRICA. II 


aboard the boat and out in mid-stream, the river claims you for 
her own again, and into your consciousness slides the thought 
that all this mighty river is as nought against the rhythm and 
thud of the engines of man below you. When you reach this 
stage you usually drop off to sleep; everyone in this country 
sleeps from about noon until two in the afternoon; in fact, the 
hour at which you lunch is eleven, and from that time on to three 
pm., when afternoon tea is served, no one stirs. I, not being 
used to the afternoon siesta, spent the hiatus in inventing fresh 
expletives to meet the exigencies of the hot climate. At night 
the boat is tied up to the bank, as, owing to the difficulty of keep- 
ing to the navigable channel of the river, travelling is confined to 
the davlight hours only. As soon as the boat is secured to the 
bank a gang of boys go ashore for firewood, this being the only 
fuel used for steaming. The business of replenishing the fuel 
supply takes about three hours, and is one of the interesting 
€psodes of the day, the antics and cries of the boys in response 
to the attack of the myriad of mosquitoes is highly diverting to 
ve whites at least, and our satisfaction is not diminished by the 
snowledge that as long as the boys are on the bank the mosquitoes 
ronfine attention to them, and we are left in peace. The problem 
€ existence in this country is condensed into the one word 
mosquito ; all other troubles pale in the significance of that one 
‘lement in its bearing upon the conditions of life. Ensure me 
ireedom from Anopheles, with consequent absence of malaria, and 
the possible sequence of blackwater and six by two feet of 
Portuguese territory, and there is no country I would more readily 
live in. 

As soon as the required amount of wood is loaded and the 
cessation of the accompanying din permits of sleep, all turn in. 
Bed is sought fairly early, as it is only when under the mosquito 
net that a man may be at peace. 

The monotony of the following day was broken by the falling 
overboard of a boy. We were having lunch in the saloon on the 
upper deck, when a sudden commotion below brought us to the 
windows in time to see the boy's head in the water astern. The 
small dinghy carried aboard was lowered as rapidily as possible, 
and, manned by four of the crew, went racing down stream and 
just succeeded in picking the boy up. His behaviour when in the 
Water was typical of the non-river native. On falling overboard he 
struck out strongly for the bank, distant about a hundred yards, 
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and kept looking back at the steamer; he seemed to suddenly come 
to the conclusion that no attempt was being made to save him, 
owing to the delay in getting the boat out, and simply threw up 
his hands and sank ; he actually rose and sank from sight seven 
times between his first going down and his rescue. It was a 
matter of losing heart, and at a time when little or no effort on his 
own part would have drifted him ashore. Had he been a riverside 
native he would have quietly floated down in the wake of the 
steamer, sure in the knowledge of two facts—first, that. the dis- 
turbed water of the steamer's wake is the one place safe from 
crocodiles, and secondly, that the steamer will come astern on the 
same track and overtaking him pick him up, your river boy knows 
too well that the long odds are on his being taken by a crocodile 
before he has time to drown. 


Two days' further steaming, unrelieved by incident, brought me 
to my destination, and in the pouring rain that heralded my arrival 
the place looked dreary enough in all conscience. I will not bore 
you with the uninteresting details of fixing up my bungalow and 
‘“ gear," etc., of interviews with each one of the never-ending 
stream of boys aspiring to the position of cook or table boys to 
my establishment. One who addressed me as '' My lord," con- 
fessed upon interrogation, that he could not cook bread, but was 
the top hole article at “ make boots clean plenty well." Event- 
ually, after many engagings and discharges, I secured a cook 
who could make passable bread ; unto him I delivered my stores 
and the princely salary of six shilings per mensem, which sum 
expressed as fifteen hundred reis sounds munificent. 


It rained almost incessantly for the first week, and when on 
looking up the rainfall returns for the current month I found that 
we had had seventeen inches, I began to ask myself what an 
irrigation engineer of all men could find to do in such a place. 1n 
fact, the first job I tackled was that of de-watering the flooded 
lands instead of leading water on ; we took more water off in a 
week than will ever be put on in a year, and in this fact lies the 
kernel of irrigation practice in this part of Africa, conservation 
of the rainfall that comes when you do not require it against the 
time when you do require it and it comes not. It does sound 
inefficient, here we were excavating big stormwater drains to 
carry off water from the fields, and two months later all the avail- 
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able power on the station was engaged in pumping the water back 
again on to the self same areas. 


Later, when the weather cleared up, I got down to the principal 
job I was required immediately for, contouring all the cleared area 
with a view to laying out a new pumping station and main canal 
from the river. They sent me down from Tete a lovely new 
5inch Stanley tacheometer, a virgin instrument, and my hands 
were the first to lift it, as gently as one handles another fellow’s 
new born babe; the manager affirms that I slept alongside that 
tacheometer the first night I had possession of it. All the work 
was of course on the metric system, which is wonderfully con- 
venient for slopes, but for discharges it does not carry the con- 
"ction that our “сивес” does, and I found myself working іп 
zetres and thinking іп cusecs to such end that more than once I 
gt out of bed in the middle of a sleepless night to verify some 
calculations per media of good old Trautwine’s conversion tables. 
lonly realised the full advantage of the system when it came to 
the plotting on squared paper—how quick and simple it is. Then 
again, the use of the metre staff almost renders mistakes 
mpossible as far as the personal factor goes, and this in tacheo- 
metrical work is a manifest advantage over our clumsy system. 
look at what you have to read on your English staff per furlong 
^r any slope per mile; then do it with a metre staff, and note 
he difference, no alternate odd and even readings, but a perfect 
sequence. 


I think this letter has reached rather an inordinate length, so 
will close it shortly, for the present. Ав a matter of fact, it has 
*en my intention, knowing you have always taken a certain 
inount of interest in me and my doings, to write you a full 
iscription of my late venture. It has been so full of interest to 
ne that I thought it a pity not to put it all on paper, however 
adifferently strung together the narrative might be, and to that 
end I have selected you as the perhaps unwilling repository of 
my written words. However I intend, do you bear with me 
further, to continue the account in a second instalment upon 
receipt of your admission of a passing interest in this the first. 


Yours ever, 
А. C. V. Barnes. 
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Second Letter. 


Thebus, C.C. 
April 19th, 1911. 
Dear Mr. Newman,— 

I think I last referred to the advantages of the metric system in 
plotting, and I assure you that anything that, in any degree 
alleviated' the difficulty of this work in the Zambesi climate in mid- 
summer was greatly welcome. 

Although I used the best double-elephant paper procurable the 
ink of friend Higgins did what it never did before—it ran! 
Imagine my disgust aíter putting a delicate circle round some 
survey station, upon seeing the ink radiate into a series of eye- 
lashes all round. This result, due to the dampness of the paper, 
gave quite a topographical effect of hachure to my contours, but 
in all other respects was provocative of much wrath. The only 
way to keep my paper dry enough to work upon was to have a 
roaring fire going all night in my drawing office. The heat on 
some days was so intense that I found it necessary to enwrap my 
arms in blotting paper, as otherwise the perspiration drew the 
paper up from the drawing board. I thus reduced the perspira- 
tion difficulty to the one clear issue of that from the end of my 
nose, and had it been possible to wrap that organ also in blotting 
paper I would have done it. 

However, in spite of all these difficulties I managed to get some 
decent drawings done, and, what is more, blue printed also, my 
printing frame of 3 feet by 4 feet being quite a success, home 
made as it was, just a sheet of glass with a two-inch wood frame. 
The board at the back I covered with a piece of green baize from 
an old table cloth, and kept it pressed against the glass by means 
of two springs made from the leaves of an old cart spring. 
Although an amateur affair, the resultant prints were as clear as 
any I have ever seen; the exposure was anything from one 
minute, when the sun was out, to half an hour when it was not, 
and it usually was not. 

Work in the field was very trying when the sun did shine, and 
the end of the eyepiece of my tacheometer would get so hot as to 
burn my eyelid. It was generally while taking a reading that 
prickly heat paid me a visit, and the jump I gave used to put the 
instrument out of adjustment and me out of temper. I have had 
prickly heat in other climates, but never anything that approached 


Lire ік PortuGugese East AFRICA. 15 


the Portuguese East African kind in severity. You can only com- 
pare it to the stings of wasps, in fact I once saw a man jump and 
proceed to pull his trousers off to look for, as he thought, the 
wasp that had stung him when it was only prickly heat. We used 
to get a boy to pour brandy over our backs and then slap the 
skin as hard as he could. One man I knew always had a young 
boy rubbing his back with a stiff brush during meals, as otherwise 
peace to eat was hopeless. 


To return to the job, the most interesting piece of work I had to 
put through was the irrigation of a tract of land, in extent about 
50 hectares (say 125 acres), situate 500 metres from the bank of 
the Shire River. To get water on to the land it was necessary 
w construct the canal in embankment varying in height from 
thing at the irrigating point to 2 metres at the intake at the 
xmping station. I had taken a number of sections of some old 
isting drains on the plantation in order to arrive at some data 
2s to the velocity the local earth formation would stand. Му 
cbservations showed that for a canal in embankment it would be 
unsafe to allow a greater mean velocity than '5 metres per second. 


The supply being pumped was under control, so that it was not 
necessary to allow any great freeboard above 1.6.1. of the canal. 
The pumps, four ro-inch centrifugals, were arranged to work 
лот two platforms of concrete built into the river bank, the upper 
one being in use when the river was high, the known high water 
“vel of the river being one metre below the pump bed. The 
difererence between the high and low levels of the river is about 
3 metres. The pumps, while being placed on the bank, were not 
exposed to the full force of the current, as a natural inlet gave the 
desirable protection. The power used was steam, the boiler being 
an old marine 100 b.h.p. boiler obtained I believe from one of the 
several wrecked steamers along the East Coast. 

Water was pumped direct into a receiving reservoir built of 
earth and pitched out with brick in cement laid on end. Stone 
being unprocurable. The reservoir calls for little comment, being 
of the usual design for such works ; it led direct into the canal, 
being homogeneous with the latter. 

The method of earthwork construction here seems very primi- 
tive. The earth is first excavated by boys armed with short- 
handled hoes, the hoe serving both as pick as well as shovel, the 
loosened earth being thrown into small baskets which contain 
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about a third of a cubic foot at most. The carrier boy then picks 
the basket up and places it on his head, carrying it in this manner 
to the depositing site. This method, while not as speedy as a 
steam shovel, certainly has its advantages for canal or dam 
making. The distribution being in small units is easily regulated, 
and each unit is thoroughly incorporated into the mass. 

In earth work where solidity and water-tightness are the 
desiderata, I personally do not like rolling the layers of earth; I 
consider that such a method tends to form smooth planes along 
which slip of the earth and creep of water may develop. My 
experience leads me to the conclusion that the tramping of many 
feet, whether of man or beast, better consolidate earth work than 
any other method. 

The embankment was brought up in nine-inch layers, each layer 
being thoroughly tramped, and where necessary damped; water 
being added only when the material was too dry to allow the 
particles of earth to adhere. The surface slope of each layer was 
towards the centre of the embankment, so that any tendency to 
slip would be inwards, and in this manner the whole embankment 
was brought up to a section about six inches in excess of that 
required, the excess being afterwards trimmed off. 

At first sight the putting on of excess earth and its subsequent 
removal may look extravagant, but the resulting firm, compact 
surface exposed is worth the extra trouble, I have seen men do 
beautiful work with a garden rake upon an earthwork slope prior 
to pitching the same; the slope has been perfect, and the lines 
pleasing to the eye, but you sink to the ankles if you walk on it, 
and it is disastrous stuff to pitch, hence my practice of putting on 
too much, having it well tramped in, and then spading it off to 
the net section. 

The embankment was constructed as though no canal was 
intended to within f.s.l., and then the canal was excavated 
from the made up bank. Extravagance again, you will remark, 
but I secured a watertight canal. Labour is fairly plentiful, and 
costs from four to six shillings a month, out of which the boys 
find food for themselves. Each gang of about fifty boys is 
bossed by a boy called a ‘‘Capito’’ (anglice Captain), who received 
perhaps ten shillings per mensem.  Practically all labour, skilled 
and unskilled, is performed by natives; carpentry, masonry, 
brick-making and brick-laying, plastering, etc., being done. 
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Of course the natives are unutterably slow, but the result is 
generally satisfactory. 

For example, the method of marking a line upon a plank for 
the saw cut is interesting. Your white workman would lay his 
straight edge along it and mark it off with a pencil in say thirty 
seconds ; not so our native friend, his method being as follows :— 
Three carpenters will foregather about the plank and discuss 
matters, and having finally decided that it has to be cut, one of 
the party will stroll off, and in ten minutes return with a piece of 
string, some charcoal, two nails, and a pestle and mortar. These 
articles are duly inspected by each carpenter, and, if found satis- 
factory to the esthetic taste of the gathering, one member squats 
ғ his hams and proceeds to pulverise the charcoal in the mortar, 
a operation occupying about ten minutes ; then a little water is 
“дей and the charcoal made into a paste; after this paste has 
xen inspected and passed, the piece of string is soaked in the 
paste, care being taken that the string is thoroughly impregnated 
*ith the charcoal; all this having been completed, a nail is driven 
п at the point where the saw cut is to commence, and another 
за] placed at that point where the cut is to terminate, and between 
the nails is tightly stretched the blackened string ; then the boss 
carpenter, picking up the string in the middle of its length, raises 
t carefully until it is taut and lets it fly back on to the plank, 
with the result that the sharp contact of the string leaves a black 
[пе where it struck the wood. The whole business takes from 
*enty minutes to half an hour. Then again, no carpenter will 
tse the ordinary hand saw alone ; a button of hard wood 15 made 
'5 fit over the end of the saw blade, and while the carpenter holds 
tte handle an assistant squats on the ground and tugs and pushes 
avay at the end of the saw, holding on to the button with finger 
24 thumb of each hand. 

I could amplify the above with numbers of instances of similar 
ünd ; of course it is exasperating in a high degree, but what is 
the use of trying to get more out of the native; you get grey 
haired and he grows sulky ; if you attempt to hurry him he gets 
confused, and the result is hopeless. I usually comforted myself 
with Kipling’s lines: ‘‘ It is not good for the Christian’s health to 
bustle the Ayran brown,” etc. 

When the day arrived for my departure for South Africa again 
it was with mixed feelings that I shook the dust, or rather mud 
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of Inhamgoma Island from off my heels, but in spite of all the 
drawbacks attendant on life in that climate there is something 
that attracts a fellow to the free lord-of-all-you-survey existence. 
In my opinion this is, to a large extent, attributable to the men 
you meet in that country. One meets some of the very best 
fellows ‘‘on the gombe,’’ which in river parlance means on the 
bank. Big game men, residents, soldier men, doctor men and 
happily precious few of the ‘‘ tripper "' type—as yet. 

The yarns that are told by men who shoot a lot and talk a little, 
and men who talk a lot and shoot a little, men whose names are 
names to conjure with in the columns of ‘‘ The Field,’’ simple 
tales of little worth that never appear in print, and what a range 
of human endeavour they cover, from hunting elephant to killing 
hippo flies, from motor cars to sleeping sickness. 

Apropos of the latter, upon which we all talk glibly of 
G. morsitans and G. palpalis, etc., and ad lib. an amusing 
yarn is told. Of course you know that the initial G. is the abbre- 
viation for the word Glossina ; well, it is told of a certain official 
that he sent out a circular to various district officers enquiring as 
to whether “С. fusca had been seen in their particular districts." 
One officer solemnly replied as follows: '' Please state whether 
Christian name is George or Gerald?" Other replies were to 
the effect that ‘‘ Mr. Fusca had gone down the river to Chinde, 
whether G. Fusca or otherwise not known." Anyway, G. fusca 
was having a fairly hot time of it to the temporary eclipse of his 
better known colleagues, G. morsitans and palpalis of that ilk. 
However, it ill befits one to treat such subjects with levity. 

Owing to the river being in spate, we had a quick run down to 
Chinde, reaching that lively spot in two days, and the next day 
saw us picked up by the Union Castle liner—and good-bye to the 


mosquitoes. In exchange for our coming aboard, the liner 
dropped a few people for Chinde ; as one of my fellow passengers 
remarked: '" They've got it all before 'em and we've got it all 


behind—thank the Lord.” 

Nine days later saw me once again in Cape Colony, and among 
the many welcomes not the least that I received was a terse wire 
from the Irrigation Department enquiring whether I was avail- 
able for work. 

With kind regards to you from us, 
Yours sincerely, 
А. C. V. BAINES. 
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Che Junior Fnstitution of Engineers. 


Report of the Council for the Year ended 
30th September, 1911. 


For presentation at the Annual General Meeting on 30th October. 


The Council have pleasure in presenting the following report 
of the present position of the Institution, and of its operations 
during the past vear. 

Membership.—As wil be seen from the following table, the 
аг commenced with a total membership of 1,089; during the 
tar 69 elections, transferences, etc., took place, and 75 resigna- 
516, etc., making a decrease of 6, and bringing the total 
zembership at the close of the year to 1,083. 


29TH Sn. THIRTIETH SESSION, 
CLASS OF 1000-10. IQIO-II. 
MEMBERSHIP. Elected | Resigned Increase 
At End. re trans- and At end. or 
ferred 


transferred decrease. 


Honorary Officers 42 


Honorary Mem bers 55 ЕЕ 


Members 893 4I 
Associates 99 23 | 
TOTALS 1,089 | 69 75 


The names added to the roll of Honorary Officers and Honorary 
Members are as follows :— 


President for Session 1011-1012. 
COMMENDATORE С. Marconi, D.Sc., LL.D., London. 
Vice-President. 


Sır FREDERICK Hay Оохагрѕох, K.C.B., M.Inst.C. E., 
Woolwich. 
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Honorary Members. 
Tuomas Grover, M.Inst.C.E., Norwich. 
PROFESSOR BERTRAM Hopkinson, M.A., Cambridge. 
WiLrRID STOKES, M.Inst.C.E., Westminster. 


The Council regret to report that the following names have 
been removed from the register by death :— 
Sır Jonn Arrp (Vice-President), London. 
Henry Hay WAKE (Vice-President), Sunderland. 
WM. WHITWELL (Hon. Member), Thornaby-on-Tees. 
J. Wy tre Nisset (Chairman), London. 
С. К. EanpLEY-WiLMOT (Member), Transvaal. 
І. Н. Hucues (Member), Southend-on-Sea. 
P. E. THoRPE (Member), Battersea, London. 


Meetings.—During the Session eight ordinary meetings have 
been held, the subjects considered being as follows. The average 
attendance was 74. 


Meetings held during the Session 1910-11. 
1910. 

Oct. 24th. Annual General Meeting of the Institution, followed by 
Annual General Meeting of the Benevolent Fund, and 
by a Paper on ‘‘ The Manufacture of Glass Bottles,” by 
Mr. BERNARD A. KUPFERBERG. 

Nov. 15th. Presidential Address, by Sir J. J. THomson, F.R.S., оп 
“The Influence of Pure Science in Engineering.” 

Dec. 14th. **Some Recent Developments in Condensing Plants,” by 
Mr. С. L. Koruny. 

I91I. 

Jan. 12th. “ Depreciation of Buildings and Machinery," by Мг. Н. Е. 
DoNarpsoN, С.В. 

Feb. 17th. Meeting with the Architectural Association. 

* Architectural and Engineering Features of the Royal 
Automobile Club Building," by Mr. S. BYLANDER. 

March 13th. “Тһе Design of a Modern Brewery and Plant,” by Мг. 
GE&orrFREY Brooks, A. M.I. Mech.E. 

April 11th. ‘‘Recent Progress in Aeronautics," by Major В. BADEN- 
POWELL. 

May roth. ‘‘Notes on Illumination by Gas and Electricity," by Mr. 
FRANK J. HawkiNs. 


Institution Medal.—The Medal Adjudication Committee have 
awarded the Institution Medal to Mr. S. Bylander, for his Paper 
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оп “Architectural and Engineering Feature of the Royal 
Automobile Club Building.” The medal will accordingly be 
presented at the November meeting of the new Session. 


Durham Bursary.—The Committee, having the determination 
of this award, have decided to award the Bursary to Mr, Archibald 
Alison for his paper on ‘‘ Dies and their Application." The subject 
written upon by the other competitor was ‘‘ Recent Research on 


Wind Pressure and its Influence on Roof Design."' 


Visits to Works.—The Council have been able, through the 
kindness of the various proprietors, etc., to arrange a very 
interesting’ series of visits, twenty-nine in all, and the Council 
«sire to express the sense of their indebtedness for the courtesy 
wich has been shown to the Members on these occasions. 

The average attendance at the visits, apart from those relating 
t» the Summer Meeting in East Anglia (which was 35) was 53. 


Works, etc., visited duving Session 1910-1911. 


1910. 
м 22nd. “Тозуп Planning” Exhibition, Royal Academy Galleries. 
Oct. 297th. Messrs. J. A. Curle and Co.'s Glass Works, Homer Road, 
Hackney. 
Nov. 26th. Messrs. Kirkaldy and Son’s Testing and Experimental 
Works. 
Dec. 17th. General Post Office Power House and Sub-Stations. 
1911. 
m 21st. The Royal Arsenal, Woolwich. 
Feb, 18th. The Royal Automobile Club Building. 
Mar. 4th. London County Council Generating Station. 
Mar. arth. Messrs. Whitbread's Brewery. 
"ay 13th. The National Physical Laboratory, Teddington. 
May 20th. Messrs. W. H. Allen, Son and Co.'s Queen's Engineering 
Works, Bedford. 
Лу 1st. The Hydraulic Engineering Works of Messrs. George Kent, 


Ltd., Luton, and the Straw Hat Manufactory of 
Messrs. Dillingham and Son, and of Mr. F. E. 
Shoosmith, Luton. 


Шу 22nd. The Metropolitan Water Board's Island Barn Reservoir, 


July 29th to August sth. 


and their Walton Reservoirs and Pumping Stations. 

Works, etc., visited during Summer Meeting 
in East Anglia. 

British Gas Light Company's Norwich Works. 

Cambridge Scientific Instrument Company's Works. 
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I9II. 
ы Cambridge University Laboratories. 
Colman’s Mustard, Starch and Blue Works, Norwich. 
Felixstowe ; Norfolk Broads ; Norwich Castle Museum. 
Norwich Cathedral. 
Pretty and Sons’ Corset Manufactory, Ipswich. 
Ransomes and Rapier’s Works, Ipswich. 
Ransomes, Sims and Jeffries’ Works, Ipswich. 
Trinity and other Colleges at Cambridge. 
Sept. 26th. The Electrical Exhibition at Olympia. 


Summer Meeting in East Anglia.—The Council much regret 
that the Summer Meeting in East Anglia was not as well attended 
as it deserved to be, and they will consider what steps to take to 
prevent a recurrence of so small an attendance. The Council wel- 
come this opportunity of acknowledging the kindness met with 
throughout the week of the meeting, during which visits were 
made to places of engineering and popular interest at Norwich, 
Cambridge, Felixstowe and Ipswich. 


Friday Evening Re-unions.—There have been 20 short papers. 
given and informally discussed, on Friday Evenings during the. 
winter months of the past Session at the Institution rooms. The 
Council have noticed, with much satisfaction, that these informai 
meetings have been very well attended, and they are glad that the 
enlargement of the meeting room has been so well appreciated by 
the members. 

The arrangements for the new Session are well in hand, and it 
is hoped that the success of these evenings will be maintained and 


improved in the future. 


Friday Evening Informal Meetings. 


Continuation of Discussion on ‘‘ Bottle Making." Paper by Mr. B. 
KUPFERBERG. 

“Interesting Fractures of Various Metals," by Mr. С. А. SMITH. 

'* Reinforced Concrete Construction” by Mr. E. FiaNpER ETCHELLS.. 

““ Gas Manufacture," by Mr. W. T. Носс. 

** Some Experiences of a Master Mariner,” by Capt. SiMPSON. 

“Treatment of Gold Ore,” by Mr. REGINALD KRALL. 

‘* Royal Automobile Club Building,” by Мг. S. BvLANDER. 

** Coast Erosion and Some Methods of Coast Defence," by Mr. T. A. 
WATSON. 

* Turbine Blading,” by Мг. Н. М. MARTIN. 

** Polarization,” by Mr. CHARLES E. HEATH. 
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“(баз Engines," by Mr. S. V. Cooke. 

“ Petroleum Engineering," by Mr. REGINALD MARSHALL. 

'* Faults in Electric Wiring," Бу Mr. FREDERICK Н. TAYLOR. 

“ Making a 5,ооо-асге Survey ” by Mr. J. B. KNOwWLks. 

“ Mine Pumps,” Бу Mr. С. Н. Моорғікір. 

“ Electro-Deposition," by Mr. СЕОВСЕ GENTRY. 

“Traction on our Suburban Railways, a forecast with suggestions,” 
by Mr. S. J. ELLIOTT. 

'‹ Ferro-Concrete Tests," by Mr. C. E. M. WHYTE. 

“Gas Producers,” by Мг. W. А. Тоокеү. 

" Engineering in Switzerland," by Messrs. H. P. PuiLPor and 
W. C. CLINTON. 


” 


inniversary Dinner.—The Twenty-seventh Annual Dinner of 
€* Institution was held оп the 11th February, at the Hotel Cecil, 
с; President, Sir J. J. Thomson, F.R.S., occupying the chair, 
* attendance was 122. 


The guests who accepted the invitation to be present 
corded :— The Rt. Hon. Lord Justice Fletcher Moulton, P.C., 
HRS. (Past-President J.I. E.) ; Engineer Vice-Admiral Sir Н. J. 
“ап, K.C.B. (Engineer-in-Chief of the Fleet, Past-President 
МЕ); Sir William Crookes, О.М. ; Sir Norman Lockver, 
^С.В.; Dr. John Perry, F.R.S. (Past-President, J.I.E.); 
+. W. М. Shaw, M.A.; Mr. Alexander Siemens (President of 
" Institution of Civil Engineers, Past-President J.I.E.); Mr. 
“ de Ferranti (President of the Institution of Electrical 
“ineers) ; Mr. Oliver Imray (President of the Chartered Insti- 
zt of Patent Agents); Mr. Hugh Fletcher Moulton, and Mr. 
2 E. Gatehouse (Hon. Member). 


Reception and Dance.—The Annual Reception and Dance of 
"*[nstitution was held at the Caxton Hall, Westminster, on the 
‘sh November; the guests were received by the President 
zc Lady Oram, and, in the regrettable absence, through illness, 
X the Chairman, Mr. J. Wylie Nisbet, bv Mr. B. E. Dunbar 
Kilburn, Vice-Chairman. 


All the arrangements of the evening, which consisted of princi- 
sally dancing and whist, were very successfully carried out, and 
ie acknowledgments of the Council are due to the stewards for 
everything they did for the comfort and enjoyment of those 
present. 
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Birmingham Local Section. —The Hon. Secretary, Мг. К. В. 
Askquith Ellis, reports that Meetings of the Section were held 
during the Fourth Session coincident with those in London. The 
Inaugural Address of Sir J. J. Thomson was read by Mr. H. T. 
Pinnock, M.A., on Tuesday, November 22nd. The membership 

during the Session totalled 24, but the meetings were poorly 
attended. Several visits were made, and these have been fully 
reported in the Institution’s Journal. 


Library.—Many volumes have been issued on loan during the 
past Session, and the Council are pleased that members avail 
themselves of the opportunities offered for borrowing the various 
works in the Library. 


The best thanks of the Council are due to those who have i 


kindly made donations to the Library, and the Council hope that 
Members and their friends will continue to bestow upon the © 


Institution copies of recent additions to engineering literature, so 


that the value and utility of the collection of books in its ` 


possession may continue to increase. 


The Journal and Record of Transactions.—The issue of 


4* 


September, 1911, completed Volume XXI. of the Institution's . 


Monthly Journal and Record of Transactions, the size of which 
bears testimony in itself to the work of the Publications Com- 
mittee for the year. 

The Committee hope that Members will send contributions for 
inclusion in the Journal, especially Members in the colonies and 
abroad, as they maintain a bond of union between such Members 
and Members at home. 


Lectures on ihe Law Relating to Engineering.—The Six 
Lectures on the “ Law Relating to Engineering," delivered by 
Mr. L. W. J. Costello, M.A., LL.B., have now been published, 
and may be obtained by Members for the sum of 3s. 6d., and by 
Non-Members for the sum of 5s. 


Benevolent Fund.—The Committee report that the income for 
the year ended 30th September, 1911, has been £532 14s. 6d., 
subscriptions producing £23 12s. 6d., donations £2 14s. 3d., 
and interest 6 7s. 94.; the total number of contributors has been 
82, as compared with 99 last year. The Council much regret 
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‘hat there has been a decrease іп the number of contributors, and 
sincerely hope that in future years the number will increase. 

The annual statement of accounts, duly certified by the 
Honorary Auditors, and the Institution’s Accountants is appended, 
showing the total amount standing to the credit of the Fund at 
"e dose of the year as £255 17s. 7d. 


Змеі Fund Donations from 1st October, 1910, to 30th September, 
1911 (List of Subscriptions ts given at end). 


| Ж s. d. s. d. 
‘lingham, G. С. о I 3 Brought forward 1 16 3 
Born, W. H o 2 6 Penberthy, E. о 4 о 
nter, С. W. o 1 6 Potts, S. is о 2 6 
Гав, А. .., о 4 о Pugh, L. W.. o 4 6 
fre, J. E. С. o 2 6 Roberts, J. A. o 3 6 
еН, T. P. о 2 6 Saunders, Т. Т. о 2 6 
horn, V, о 4 0 Trevenen, E. ото 
Ип, F. ото 6 
ю О 7 б '—— 


— Total 42 14 3 
Carried forward Жі 16 3 ------- 


tution Accounts.—A copy of the Institution's Balance 
*t etc., duly certified by the Chartered Accountants and the 
wn Naa wee. is appended. 


/tnations.—During the past year the contributions to the 


rations and Library Funds have been as follows :— 
Donations Fund. 
s. d. 
А. Denny (Past-President) ... Dumbarton 1 1 o 
L. Korting (Hon. Mem.) .. Hanover т о O 
D. A. Low (Hon Мет.) London ` I I O 
P. Marshall & Co. (Hon. Publishers) London I I о 
H. M. Rounthwaite (Hon Mem.) ... London 2 2 о 
F. W. Sanderson (Vice-President) ... Oundle I I о 
№7 6 о 
Library Fund. 
N. L. Ablett (Member) —... m 63 бо 


Secretary ship.—It is with the greatest regret, which will 
"Iquestionab]y be shared by all members of the Institution, that 
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the Council have to report the resignation of Mr. Walter T. Dunn 
from the post of Secretary, which he has held with such con- 
spicuous ability and so greatly to the advantage of the Institution 
for the past twenty-seven years. At a recent meeting of the 
Council the following Resolution was passed :— 


“The Council of the Junior Institution of Engineers unanimously 
desire to place on record their sincere regret that Mr. Walter 
T. Dunn has been obliged to resign the position of Secretary, | 
which he has filled with such conspicuous success and advantage : 
to the Institution during the past twenty-seven years, and the 
Council feel that they cannot let the occasion pass without 
expressing in the strongest possible manner their high appre- 
ciation of Mr. Dunn's most valuable services, the great loyalty - 
and devotion he has invariably displayed, and the personal | 
courtesy and attention which has so consistently marked all his 
dealings both with the Council and individual members of the 
Institution ; further, while feeling that the Institution suffers а: 
great loss in being deprived of Mr. Dunn's services in the 
capacity of Secretary, the Council express the sincere hope that : 
he may long be spared to take an active part in the affairs of 


the Juniors." 
The Council is confident that the expressions embodied in this - 
resolution will be endorsed by every member of the Institution. ` 


Applications to fill the vacant post of Secretary were invited · 
from members of the Institution and from those outside, and the 
total number of applications received was 116. The Council. 
gave to all these applications the most careful consideration, and 
ultimately decided to appoint to the post Mr. Alfred Clifford | 
Swales (Member), of the City Engineer's Office, Leeds, and this à 
gentleman will take up his full duties in succession to Mr. Dunn 
on and after the 27th October, 1911. 


Future Arrangements.—It gives the Council great pleasure to` 
refer to the consent of Commendatore G. Marconi, D.Sc., LL.D., 
to become President of the Institution for the ensuing Session, 
and to his promise to deliver, on the 38th November, an Address | 
on “ Engineering Considerations in Wireless Telegraphy."' | 


Subscriptions vecesved from 15% October, 1910, to 30th September, 1911. 


Ablett, М. L. 


АШпрһат, G. C. 


Anderson, W. F. 
Avent, F. H. 
Ayres, А. О. ... 
Baker, R. m 
Barwick, J. J. 
Bentall, A. F. 


blander, S. 
Ganing, G. ... 
larey, G. C. 
жип, C. E. 


cler, Samuel, Jun. 


Jwham, Е. К. 
tade, E. ... 
Els, R. B. A. 
Ezglish, J. W. 
tans, F. D. 
Fenning, R. W. 
(се, E. à 
Gould, H. T. 
brome, H. ... 
Hunt, G. J. ... 
Hunter, Adam 
lakson, С. E. 
Bob, а. S. 


К, В. E. ‘Dunbar 


ing, E. is 
Krause, W. ... 


Carried forward £13 0 o 
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BENEVOLENT FUND. 


Brought forward 


Lymer, B. ... 
Macpherson, W. D. 
Marshall, A.W. . 
Moon, J. G. 
Napier, F. D. G. 
Newman, W. H. 
Pearson, J. H. 
Peters, J. D. 
Pettit, C. W. 
Peyrecave, G. de 
Philpot, H. P. 
Raworth, J. E. 
Read, J. T. ... 
Rickie, J. H. 
Ross, J. W. ... 
Ross, A. m 
Shand, K. R. 
Stanley, A. H. 
Stevens, W. H. 
Sykes, J. C. ... 
Talboys, F. P. 
Taylor, W. F. 
Tennant, W. J. 
Vaughan, E. G. 
Vickery, A. E. 
Walter, G. L. 
Watson, T. A. 
Wawn, C. J. 
Whyte, C. E. A. 
Young, P. L. 
Young, C. G. 
Yuile, D. Mc. 


Total 423 12 6 
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28 
The Junior Fnstitution of 


BALANCE SHEET, 


LIABILITIES. 
Zs а Ж s.d. 
То Subscriptions for year 1911-12.—paid in advance 34 16 0 
ә Candidates И n HUE Fees paid 880 
» Accountants’ Charges 45% 8 8 0 
» Record of Transactions, Vol. XXI.: 
Amount due to Printers me ace 46 10 5 
» Sale of Transactions 2 
Amount due to Hon. Publishers and 
Printers ... — 98 2 4 
ә General Printing and Stationery : 
Amount due to Printers vis (ss 15 2 1 


» Binding Journals : 
Cash received in advance from Members 
for binding Volumes bos "T 1 1 0 
» Law Lectures: 
Estimated shares of Cost, due to Society 


of Engineers (Incorporated) ... 34 13 4 
Cash received in advance from Members 
for Volumes e T . O 7 6 
-- 35 010 
» Durham Bursary, 1911-12; 
Amount in hand, due to Bursar 55% 25 0 O 
ә 7. W. Nisbet Memorial : 
Amount in hand $us bes see 20 3 9 


» Capital Account— 
Compounding Fees— 
As at 30th September, 1910 ... .. 129 10 0 
Entrance Fees— 
As at 30th September, 1910 ... 517 19 0 
Add: Received during year ... 45 3 0 


— 563 2 0 
Donations— 
As at 30th September, 1910 ... 78 16 6 
Add: Received during year ... 7 6 O0 
86 2 6 
Less : Gift to Canet Medal Fund 20 O 0 
66 2 6 


——— 758 14 6 

, Income and Expenditure Account— 
As at 30th September, 1910 . 629 15 11 
Less : Balance for year to 30th Sept., 1911... 107 3 6 


492 12 5 
£1,399 14 4 


We have examined the above Balance Sheet and accompanying Income 
and Expenditure Account, and have obtained all the information and explana- 
tions we have required. We have verified the Investments and the Cash at 
Bank. In our opinion the Balance Sheet is properly drawn up so as to exhibit a 


(Signed) W. B. KEEN & CO., Chartered Accountants, 
23 Queen Victoria Street, E.C. 


Н. NORMAN GRAY, |, Auditor 
17th October, 1911. үу. D. MacPHERSON, | 7°* Hors, 
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Engineers (3ncorporateo). 


30th SEPT., 1911. 


ASSETS. 
Ls d 65 s. d. 
By Office Furniture.— 
As at 30th September, 1910 ку» ... 66 110 
Add: Purchased during year |... ... 2018 0 
86 19 10 
Less: Depreciation iss 455 ... 814 0 
----- 78 510 
» Subscriptions іп arrear—Estimated value iss 100 0 0 
» Debtors for Advertisements, Vol. XXI. ... 132 12 7 
Sale of Transactions  ... Р . 3 14 6 
Works Management Lectures 0 7 8 
Engineering of Ordnance Lectures .. 020 
Summer Meeting € 42% ... 1018 9 
Anniversary Dinner 015 6 
148 10 7 
n Membership Certificates se Vus ss 6 3 0 
» Reading Cases wee m 65% T 169 
» Investments— 
26294 15s. 10d. Victorian Government 34% 
Inscribed Stock, 1921-1926, cost ... 300 0 0 
215296 4s. 9d. Dominion of Canada 33% 
Inscribed Stock, 1909-1934, cost ... 300 0 O 
150 Os. Od. Cape of Good Hope 31% 
Inscribed Stock, 1929-1949, cost ... 142 6 3 
2150 2s. 9d. India 34% Stock, cost .. 150 0 0 
—— 892 6 3 
„ Cash—At Bank, Deposit Account  ... ev. 77 9 0 
Current Account abe € ... 106 10 10 
Іп Secretary's hands—— 
Entrance Fees of Candidates pending 
election T was 3 0 
187 2 10 
Less; Petty Cash overdrawn .. 14 011 
------- 173 111 
£1,399 14 4 


tme and correct view of the state of the Institution's affairs, according to the 
best of our information and the explanations given to us, and as shown by the 
books of the Institution. 


(Signed) JAS. OSWALD, Chairman of Finance Committee. 
B. E. DUNBAR KILBURN, Chairman of Institution. 


WALTER T. DUNN, Secretary and. Treasurer. 
17th October, 1911. 
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The Junior Jnstitution of 


Income and Expenditure Account for 


EXPENDITURE. 
Ls d. Ж s 4. 
To Expenses of Management— 
Chartered Accountants’ Fees és . 8 8 0 
Expenses of Ordinary Meetings ... .. 42 710% 
General Printing and Stationery . ... 66 4 105 
Office Expenses... - ..116 3 9 
Postages, Receipt Stamps, Telegrams, 
Parcels, &c ius 34 
Salaries ads ess iss . 415 16 0 
-------- 698 3 10 
, Expenses of Ordinary Excursions ... 46 5 3 
Less: Receipts ... Pss қ 34 19 3 
-- 11 6 0 
, Summer Meeting in East Anglia 58 9 9 
Less: Receipts ... bie 35 16 4 
———— 9218 5 
», 27ih Anniversary Dinner ... 49 10 8 
Less: Receipts 45 2 6 
48 2 
, Record of Т ransacttons— 
Vol. XXI.—Expended ... 338 0 3 
, Durham Bursary— 
Due to Bursar 555 ee .. 25 0 0 
Less : Received ... m oa .. 25 0 0 
, Law Lectures— 
Estimated E of Cost ДР ... 34 13 4 
Less: Receipts .. see $i . 6 0 0 
— 28 13 4 
‚› Library ... i a Los ... 13 4 9 
Less: Receipts ... is ‘is . 5 5 4 
—— 719 5 
," Institution Medal, 30th Session 018 8 
, Income Tax.. 01 2 
Furniture, Depreciation of .. 814 0 
61,120 18 3 


[eee 


Engineers (3ncorporated). 
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the year ended 30th September, 1911. 


INCOME. 
5 s. 
By Subscriptions— 
For the year 1910-11 ... 668 15 


In аггеаг at date—Estimated 100 


Deduct: Estimated arrears 


at 30th September, 1910 107 0 


Less: Amount received in 


respect thereof ... 89 4 


» Record of Transactions-— 


Advertisements :— 


Vol. XX.—Amount received 91 18 


Less: Amount due 30% 


September, 1910 .. 91 18 
Vol. XXI.—Amount received 52 15 


Add: Amount due 30th 


September, 1911 .. 132 12 


с о © 


Sales of Transactions HM 


», Conversazione Receipts 
Less; Payments 


» Interest on Investments 
» Interest on Deposit 


» Sale of Works, Management Lectures 


» Sale of Engineering of Ordnance Lectures 


», Membership Certificates 
» Membership Badges 


; Balance, being excess of. Expenditure over 


Income, carried to Balance Sheet 


Lsd Ж s 4. 


768 15 9 
1715 6 

———— 751 03 
185 7 10 
35 1 9 

— 220 9 7 
37 12 0 
35 19 1 

ыы CES 

29 7 6 

3 10 10 

015 7 

113 4 

509 

0 4 0 

1,013 14 9 

107 3 6: 


21,190 18 3 
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Building Fund Income and Expenditure 


EXPENDITURE. Hs. d. 
To Balance, carried to Balance Sheet КЕР e iis 7 010 
Zi 010 


Building Fund Balance Sheet, 


LIABILITIES. £ s. d. 
To Capital Account :— Ж s. d. 
As at 30th September, 1910 44% a .. 201 5 6 
», Income and Expenditure Account :— 
As at 30th September, 1910 ... .. 1015 5 
Add: Balance for yes to 30th ерене, 
1911 ; .. 7 010 
———— 1716 3 
#219 1 9 


Gustave Canet Medal Fund Income & Expendl- 


EXPENDITURE. Ж s. d. 

То Balance brought forward from last account ... 54% 818 3 
;, Balance being excess of Income over Expenditure 

carried to Balance Sheet.. Нүр A ... 18 5 3 

£26 18 6 


Gustave Canet Medal Fund 


LIABILITIES. Ж s. 
To Capital Account :— 
Gift from Madame Gustave Canet and Family ... 200 0 0 
» Income and Expenditure Account, balance oe ... 18 5 3 
£218 5 3 


We have examined the above Balance Sheets and accompanying 
Accounts, and have obtained all the information and explanations we have 
required. We have verified the Investments and the Cash at Bank. In our 
opinion the Balance Sheets are properly drawn up so as to exhibit a true 


17th October, 1911. | 
(Signed) W. B. KEEN & CO., Chartered Accountants, 
23 Queen Victoria Street, E.C. 


Н. NORMAN GRAY, } Hon. Auditor 
W. D. MacPHERSON, | “20% 4 9411025. 
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Account for the year ended 30th Sept., 1911. 


INCOME. £ s. d. 
By Interest on Investments 58% ix iis 7 010 
#7 010 


30th September, 1911. 


ASSETS. 6 $. d. 
By Investments :— 6 s. d. 
104 Dominion of Canada 34% Inscribed 
Stock, 1930-1950, cost Р .. 104 16 8 
£108 4s. 8d. India 349, Stock, cost ... 100 0 0 
——— 204 16 8 
», Cash at Bank nm ios ““ А ... 14 5 1 
15219 1 9 


ture Account for year ended 30th Sept., 1911. 


INCOME. © 6. d. 

By Gift from Institution Donations Account jus se 90 0 0 
», Interest on Investment aus Кер ТЕ — 613 0 
», Interest on Deposit ... ee s 55% s 056 
£26 18 6 


Balance Sheet, 3Oth Sept., 1911. 


ASSETS. Ж s. d. 

Ву £,201 14s. 6d. India 34% Stock, cost... re ... 200 0 0 
ә Cash at Bank Sex 365 boa ws 18 5 3 
6918 5 3 


and correct view of the state of the above funds, according to the best of 


our information and the explanations given to us, and as shown by the books 
of the Institution. 


(Signed) JAS. OSWALD, Chairman of Finance Committee. 
B. E. DUNBAR KILBURN, Chairman of Institution. 
RN WALTER T. DUNN, Secretary and Treasurer. 
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35 
FROM THE 


STARTING PLATFORM. November, 1911. 


TO THE JUNIORS My first duty is to thank the Members of the 
FROM A JUNIOR. Institution for appointing me their Secretary. 

In accepting the office, and the onerous duties which are insepar- 
able from it, I look to you for that co-operation which you have so 
readily accorded to my predecessor, and without which I cannot 
hope to discharge the claims devolving upon me. I can assure the 
members that my interest in the individual ‘‘ Junior,” from having 
been associated with so many of their number in the past, has been, 
and always will be, sincere, and though the consummate efficiency 
with which the duties have hitherto been discharged renders the 
position a difficult one. I trust that my qualifications for performing 
my part will be found in some measure commensurate with my 
desire to promote and sustain the objects and interests of the 
Institution. | 

Notwithstanding that, according to its constitution, the Institu- 
tion includes '' Seniors,’’ it may be regarded as essentially one of 
** Juniors,” having been originally constituted as such and for their. 
benefit. It is accordingly to the “ Juniors,” and especially the 
vounger “ Juniors,” that the following remarks are addressed. 

More than perhaps any other profession, it may be said of that 
of the Engineer that it is one which cannot be effectively taught. 

From first to last his education extends throughout his whole 
life's practice: one of observation, deduction and application. It 
can never be said to approach completion, so varied are the aspects 
which Nature and circumstances present, the very practice of which 
ever continue to afford new opportunities of forming deductions 
to be applied in the future. 

Success is therefore due in a great measure to the cultivation 
of these qualities, by which, given the opportunities, we are enabled 
to continue to build up for ourselves that most useful of knowledge 
which is the outcome of our own experience : for whatever maxims 
or advice may be laid down for us by those whose years and 
experience afford them the right to dictate, it is seldom that their 

full truth is realised until we have shared in the actual practice and 
responsibility, or suffered from neglect of them. 

А sense of responsibility in whatever work, no matter how trivial, 
he is set to do, cannot be too soon impressed upon or imbibed by 
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the young practitioner in engineering, nor can the advantages be 
too strongly emphasised of an early practice in the most elementary 
stages and departments, whereby the valuable habits of discipline, 
method, and thoroughness are acquired, along with those whole- 
some first impressions, whose effects are never afterwards eradi- 
cated, but which, passing through various stages as our experience 
widens, ultimately mature into our more or less fixed convictions. 

As opposed to the profession of the architect, all engineering 
works are essentially of utility, and may often be considered under 
the head of commercial undertakings, such earning a return for the 
capital expended, either directly, as a railway project or in the case 
of a town water supply, or indirectly, as in the case of the water 
dykes of Holland or the barrage of the Nile, and in charge of the 
execution of these the engineer, with his special knowledge, is the 
custodian of the funds entrusted to him by his employers, and it is 
therefore his duty to endeavour to apply these so as to achieve the 
desired end at the minimum outlay. 

This consideration provides the fundamental principle which 
ought to guide the engineer in all his practice, viz., efficiency with 
economy. To miss the first means entire failure: the second with 
the first is the strict measure of his ability. 

It may be given to some to excel in one branch of the field of 
engineering, some in another, and others to combine a general 
aptness : each is dependent on the other, and there is a place for all. 

It would seem better for a man with special gifts, however 
restricted their scope, to pursue the channel in which these lead 
him, endeavouring to perfect their cultivation, than for him to aim 
at an ideal towards which his ambitions alone lead him, and which 
it is a constant effort for his natural abilities to pursue. 

If the engineer decides to follow one particular channel, there 
are two things against which he must guard, viz., specialising when 
too young, and that he does not become wholly wrapped up in his 
special work. The engineer must be master of his own speciality, 
but, as Professor Rücker said, at the opening of the Royal College 
of Science, “ The art of seeing something of many things, and all 
of one, must be cultivated side by side."' 

And now, without deprecating the games and pastimes which, 
while they have their legitimate place, excite so much enthusiasm 
and enter, generally speaking, so largely into the lives of our young 
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engineers, I would here take the liberty of throwing out a hint. 
The object of this Institution is to promote and facilitate the inter- 
change of engineering knowledge, by the reading and discussion 
of papers in which are expressed the opinions and experience of 
others engaged in various works, and in collectively visiting works 
of interest to the profession, and if one is to become proficient and 
reach a position of worthy attainment in any branch of our pro- 
fession, he must be prepared to devote his spare time in attending 
such meetings and visiting such works, and thereby gain that 
practical knowledge and insight which are indispensible. Theoreti- 
cal and technical knowledge are, no doubt, useful, but not as 
esential as practical skill. The former is generally secured in a 
Tehnical College and office training, while the latter can only be 
“tained by individual research and application. 

Professional etiquette demands, of course, that such visits should 
wt be clandestine, although it is assumed that all who belong to 
иг profession conduct their business in the light of day, and even 
*dlcome honest criticism. 

There appears to be an ever increasing demand on the ability 
and resource of the engineer, arising from enlarged and enlightened 
conceptions of health requirements—involving more extensive 
"atr undertakings and sewerage schemes, and in the growing 
“тапа for fuller and quicker means of communication, for com- 
tércial and other purposes, necessitating more railways and tram- 
wavs, And as competition and rivalry between new and existing 
‘stems become keener, the more will the experience and judgment 
of the engineer be relied upon and tested, and if we are to meet 
^e strain which will be put upon us it is necessary when opportunity 
irises of storing knowledge—which, when once acquired, is easily 
arried, and is always a valuable asset—to gladly welcome and 
embrace it. 

I should like to say, in conclusion, that I earnestly hope that the 
meetings of the present session will be as productive of at least 
as suggestive and valuable papers, and as good attendances and 
discussions as have characterised those of past years, and that 
every Junior, by forming new acquaintanceships and cementing old 
friendships, may reap some personal advantage, and contribute 
to the promotion of the profession generally and our Institution 
in particular. A. CLIFFORD SWALES. 
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OBSERVATIONS 
IN GENERAL. 


The Juniors’ Reception, Dance and Whist Drive has come and 
gone, “ so early іп the season,’’ to modify the words of the well- 
known song. All present enjoyed themselves immensely, includ- 
ing even one care-bestrode mortal who was heard to remark 
several times during the evening that he hoped it was going to 
pay for itself. 

* * * * * * 
Note that I intentionally make use of the word '' mortal." It 


[7 


is a classic that ‘‘ all men are mortal ’’—nothing is said of the 
ladies, who are therefore, by common consent, amongst the 
immortals. At any rate in Christmas pantomimes the immortals 
are usually of the fair sex. 

* * * ж ; * * 

But there are other immortals, and one was amongst us—our 
President, Sir J. J. Thomson.  Evidently pleased to be with us, 
he invested his exposition of the causes of some natural 
phenomena with a charm which almost caused us to forget for the 
moment the honour he also was bestowing upon his audience. 

* * “ “ “ + 

It was not Sir J. J. Thomson, the star of the scientific world, 
who was talking to us, it was one of ourselves, a real Junior, and 
yet again it was a master of scientific demonstration and know- 
ledge, Sir J. J. Thomson, of Cambridge, himself. 

* * * * * * 

Why is the sky blue? Why is it red at sunset? What causes 
fog? What is the actual formation of a jet of water? All these 
and other interesting matters were explained with the aid of 
experiments in a brief space of time. Mr. President, we thank 
you sincerely, and Lady Thomson for her gracious presence. 

* * * * + * 

And the dancing and the charming and beautiful ladies, the 
music, the refreshments—decidedly the refreshments—and the 
models, the Maxim gun (latest pattern), reminding us of our old 
friend Sir Hiram, and M. Julliot (of aeronautical fame), most 
decidedly M. Julliot, smiling and happy, who would not dance 
because of ''trop de veillage." No, no, M. Julliot, you are а 
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Junior, and therefore never old ; we were very pleased indeed to 
have you with us, and next time we shall expect to see you 
dancing Parisian style, ne ce pas. 

* * * * * * 

And the Whist Drive—I had almost forgotten the whist drive. 
But that is somewhat excusable, as it was a secret and mysterious - 
function held behind closed doors guarded by ап impassable 
waiter, who sternly denied admission to all applicants on account 
of the magnificent supply of refreshments which was shut up 
with the whist drivers. So-whether anybody revoked or trumped 
ts partner’s ace or dropped his cards no one knoweth to this 
Әу. But the whist drivers and whist driven eventually emerged 
апу happy, either on account of the sports of the drive or 
їе sport of the refreshments, or both combined ; again no man 
юе to this day. ` 

* * * * + * 

We were all glad to see friend Adam Hunter and Mrs. Hunter 
“Та Glasgie." Еһ mon, ye ha a canny bit job, but the wurk 
* makes ye get thinner. Here's ta ye, friend Adam. 

* * * * * * 

An’ brither Juniors, if ye don't come twa for every one of ye 
«xt time, what's the use of this chiel amang ye takin’ notes and 
кеепїїп! “ет? 

ж ж ж * * * 

We were pleased indeed to see friend Tennant and Mrs. 
Tennant (** the Junior’s girl’’) with us again. Не was quite his 
14 self, and seems recovered from his late illness. — He's all 
ight, oh yes! 


PERSONAL NOTES 
OF MEMBERS. 


L. Е. BavpEN has been appointed to a position оп The Assam 
Railways and Trading Company, Ltd., Debrugarh, Assam. 
Eric Е. Воот has now returned to Australia; G.P.O., Box 649, 
Sydney, New South Wales. 

ARTHUR Bourng has been appointed engineer to Messrs. Richardsons, 
of Billiter Square Buildings, Е.С. [4004 Central.] 

Н. Cartwricnt Кеш has been appointed to the charge of Н.М. 
Dockyard, Rosyth, N.B. 
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PERSONAL NOTES or MEMBERS. 


A. J. B. Dickson has commenced his engineering training in the 
works of Messrs. L. J. and C. Seager, of Dartford. 


H. Gowans FkRGUsON has gone to Camborne, where he will 
probably be for the next year or two, taking a course of mining 
at the School of Mines there; 87 Trelowarren Street, Camborne, 
Cornwall. 

Joun T. D. Еплимсонам has recently been elected an Associate 
Member of the Institution of Civil Engineers. 


К. J. Fisk on arrival in Calcutta went on board the S.S. ‘‘ Shirala,' 
bound for Mauritius, and оп his return to Calcutta on the 
3rd September, received instructions to proceed to Madras by 
rail, and join his present ship; Box 296, Jr. 5th Engr. S.S. 
‘‘Thongwa,” c/o B.I., Engineers’ Club, 2 New China Bazaar 
Street, Calcutta, India. 

ALBERT S. B. FLETCHER has been elected an Associate Member of the 
Institution of Mechanical Engineers. 

G. A. GARDNER is now in the Drawing Office of Messrs. Samuel 
Cutler and Sons, 39 Victoria Street, Westminster ; 22 Rathcoole 
Avenue, Hornsey, N. 

JOHN HENDERSON in a letter dated 26th September, states that he is 
once more leaving England for British Guiana. 

Снав. G. Но. ктт has now been away in South America since April, 
and is not expected back before November or December ; Third 
Engineer, S.S. ‘‘Godingham,” c/o Messrs. Harris & Dixon, 
81 Gracechurch Street, E.C. 

C. J. INDER has returned from Russia. 


Ernest E. Кем. has been appointed shift engineer in the Hayle 
Power Station of the Cornwall Electric Power Company ; 
Clifton Villa, Clifton Terrace, Hayle, Cornwall. 


WM. E. McKenna writes on the 4th September, from Mangaldai, 
Central Assam, that he is no longer attached to the Sanitary 
Engineer's Office at Dacca but has been transferred here, being 
still employed on well-borings. It may be of interest to Junior 
Engineers to learn that although water is usually found under 
an impermeable clay stratum, yet a plentiful, and at the same 
time a chemically pure, supply of water is usually obtained 
in these parts when a pebble bed is struck; the size of these 
pebbles varying from one to four inches, which are met with at 
any depth between 75 ft. and 110 ft. No elaborate tools are 
employed in the work and skilled labour is also not necessarv. 


STANLEY C. MILLS Таз obtained the appointment of assistant 
planter engineer on a Tea Estate at Assam, and sails on 
18th November. 

J. Еилѕ O’Brign is now with Messrs. Babcock and Wilcox, Oriel 
House, Farringdon Street, E.C.; 46 Roxbank Avenue, South 
Harrow. 
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James L. Pace is now with the West Kent Gas Company, Erith, 
Kent, as Clerk of Works on some new buildings there ; 6 Queen's 
Road, Erith. 

SAMUEL Porrs is now with Messrs. Arthur G. Erock and Company, 
Ltd., Refrigerating Engineers, Tottenham ; 15 Grove Park 
Road, Tottenham, N. 

М. P. Ковевтѕ has now returned to India to take up his duties 
again in the Public Works Department, Divi Pumping Project, 
Avenegudda P.O., Kestra District, Madras Presidency, India. 

С. H. Rosus is now with a firm of Coke Oven Engineers ; 84 West 
Street, Sheffield. 

FrepericK Н. TavLoR has delivered in the Lecture Theatre of the 
Willesden Polytechnic, two Public Popular Lectures on ‘‘ Recent 
Developments in Electric Lighting, etc." 

W.G. WERNHAM has commenced business on his own account as a 
gas, lighting and ventilating engineer, at Cathedral Chambers, 
10А Temple Row, Birmingham. [5374 Central. ] 

J. LL WHESLER, has taken up the position of draughtsman in the 
office of Messrs. Samuel Cutler and Sons, 39 Victoria Street, 
Westminster, S. W. 

E. A. WILLMER, who, as announced in Personal Notes of September, 
expected to leave England for Uganda on the 13th October, to 
take up an appointment under the P. W.D., having had a more 
attractive appointment at Bahia, Brazil, offered, sailed for that 
port on the 23rd September. Address Messrs. Nathan, Bankers, 
Bahia. 

(вси. С. YOUNG has once more sailed for New Zealand as one of the 
engineers on the R. M.S. “ Ruahim." He hopes this will be his 
last voyage prior to settling down ashore. 


IMPERIAL EDUCATION CONFERENCE. 


Ма. Francis R. TAYLOR, one of the Institution's representa- 
“ts at the Imperial Education Conference, sends the following 
‘ort of the second day's proceedings :—The concluding meeting 
# ће Imperial Education Conference was held at the Foreign 
Осе on April 28th, 1911, at which two papers were read, one by 
Mr. R. Blair, M.A., B.Sc., Education Officer, London County 
Council, on “ Trade Schools," and the other by Mr. Graham 
Xlfour, M.A., Director of Education for Staffordshire, оп 
"Continuation Schools. "' 

Mr. Blair prefaced his remarks by stating that the ''' Trade 
Schools ’ applied to a recent development of day schools for boys 
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or girls immediately on the close of the elementary school career 
Же > and '' that the preparation is looked upon as more or | 
less a substitute for apprenticeship, or at all events for the earlier 


years of apprenticeship.” 


Some very interesting particulars and statistics of the worl . 
done in “ Trade Schools ’’ were given in the paper. Тһе questio . 
of importance to the members of our Institution is that of th 
education in '' Trade Schools ” forming a substitute for th 
apprenticeship system. Mr. Blair said: '' The system of inden 
tured apprenticeship has largely disappeared. Ап exhaustiv: 
inquiry made for the Council in 1906 showed that it would appea 
to be only a waste of time and money to attempt to revive а"! 
obsolescent system.’’ 


The key-note of the whole paper was an advocation of trad 
schools as a substitute for preliminary training in the actu: · 
trade workshops. It is my opinion that to accomplish this succes: - 
fully a very close connection with the trades must be establishec- 
A consultative committee of trade experts has been formed in tk. 
case of each trade in the girls ‘‘ Trade Schools,” and this seeme | 
to suggest the reason of success in those schools. 


The points of value in a conference of this kind are to be ibus" 
for in the discussion which follows the reading of the paper. ТЬ 
only real criticism offered was that by Mr. Alexander Siemens ` 
апа he was strongly convinced that the best training was to Ы” 
obtained in the workshops of the employer. The members of ou-. 
Institution will doubtless agree that this is the only satisfactor: . 
course. “ Trade Schools" should be considered as providing 
education supplemental to the training obtained in the actual trade 
workshops, and not as a substitute for it. It may be said witł 
truth that in the engineering, constructive and allied trades, it is 
ocu dn which teaches that quality so essential to progress. 

, the aptitude of applying principles and methods to > the ever 
A requirements of actual practice. 


It is the acquisition of such experience which constitutes the 
essential difference between the training at '' Trade Schools ’’ and 
the training in the actual Trade Workshops. It may therefore be 
suggested that the usefulness of the '' Trade Schools °’ would be 
amplified by obtaining a systematic co-operation with the 
employers. 

Mr. Graham Balfour, M.A., in his paper on “ Continuation 
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schools,’ suggests that education should not cease at the age of 
i; or 14, but should be continued for a further period on leaving 
е elementary schools. No criticism was offered on this paper, 
Xt it occurred to me that before making ‘‘ Continuation Schools’’ 
“mpulsory the Education Authorities should very carefully con- 


‘ter the questions of physical education and hygienic environ- 
zat. | 


ANNUAL GENERAL MEETING. 


Te Thirtieth Sessional Generai Meeting (and 


“ith Annual General Meeting of the Incorporated Institution) 
“s held at the Institution of Electrical Engineers, Victoria 
iskankment, on Monday, 30th October, 1911, the chair being 


| Ше at 7 p.m. by the Chairman of the Institution, Mr. B. Е. 
| Враг Kilburn. 


‘was resolved that Мг. Н. Kempster and Mr. W. Н. B. 
. i Елші be appointed Scrutineers for the examination of the 

Et Lists for the election of Officers and Members of Council 
5" service during the Thirty-first Session, 1911-1912. 


ite Chairman declared the Ballot open; it duly continued 
хл for the period of one hour, and was then closed. 


The Chairman referred to the very excellent manner in which 
* W, T. Dunn had carried out his duties as Secretary of the 
or Institution of Engineers, and put the following resolution— 
"th had been adopted unanimously by the Council—to the meet- 
хап it was carried by acclamation. 


“The Council of the Junior Institution of Engineers unanimously 
desire to place on record their sincere regret that Mr. Walter 
T. Dunn has been obliged to resign the position of Secretary, 
which he has filled with such conspicuous success and advantage 
to the Institution during the past twenty-seven years, and the 
Council feel that they cannot let the occasion pass without 
expressing in the strongest possible manner their high appre- 
ciation of Mr. Dunn's most valuable services, the great loyalty 
and devotion he has invariably displayed, and the personal 
courtesy and attention which has so consistently marked all his 
dealings both with the Council and individual members of the 
Institution ; further, while feeling that the Institution suffers a 
great loss in being deprived of Mr. Dunn’s services in the 
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capacity of Secretary, the Council express the sincere hope that 
he may long be spared to take an active part in the affairs of | 
the Juniors." 
The Chairman made a few remarks as to the qualifications of 
the new Secretary, and formally introduced him to the Meeting. 
The Minutes of the previous meeting were read, confirmed, and 
signed. | 
The Annual Report of the Council, and Accounts, which had- 
been issued to the members in the current number of “Тһе 
Journal,’’ were then presented, and the Chairman, after referring, 
by request, to the salient features in them, asked for any observa- | 
tions on them. 


Mr. Е. Disney Napier severely criticised the accounts, referring — 
to the very unsatisfactory position of the Institution at thi | 
present time, and proposed the following resolution, which wa: 
seconded by Mr. H. E. Cosgreave :— 

“Іп view of the unfavourable nature of the year’s work 
the Report be not adopted in its present form. 

'* This meeting calls for an explanation of the reductio - 
in Membership, and the more than corresponding fallin, | 
off in Revenue.” | 

Ап amendment was proposed by Mr. B. T. King, and seconde - 
by Mr. O’Brien :— | 

** That the Annual Report and Accounts be accepted an 
adopted, subject to the Council taking into consideratio 
the serious state of the Institution's finances and member 
ship, as shown at to-night's Annual General Meeting, an 
that it issues a report and recommendation thereon to al 
members.’ 

The amendment was carried by 34 votes for to 18 against. 

Proposed by Mr. T. J. Taplin, Junr., seconded by Mr. R 
Marshall, it was resolved by acclamation, ‘‘ That the best thank: 
of the Members be accorded the Officers and Members of the 
Council for e services they have rendered the Institution durine 
the past year.’ 

Mr. Watson proposed, and Mr. F. Disney Napier seconded, 
“That Messrs. W. B. Keen and Co., Chartered Accountants, of 
23 Queen Victoria Street, E.C., be, and are hereby appointed, 
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professional auditors for the Annual Accounts of the Institution 
for the vear ending 30th September, 1912."' 

The Sixth Annual General Meeting of the Contributors to the 
Benevolent Fund of the Junior Institution of Engineers was then 
held. 

The Scrutineers reported that the election had resulted as 
follows. They were subsequently thanked for the manner in 
which they had discharged their duties, and the ballot lists were 
destroved. 

Chairman: W. T. Dunn. 
Vice-Chairmen: S. Bylander, P. L. Young. 
Hon. Librarian: Sidney V. Cooke. 
Hon. Auditors: H. Norman Gray and W. D. Macpherson. 
Members of Council: R. Krall, D. N. Hunt and J. B. 
Knowles (over 21); J. J. Page (under 21). 
Provincial Members of Council :— 


North of England: West of England: 
Roland Hockly T. P. Hosegood 
(Newcastle-on-Tyne). (Bristol). 
Midlands: Scottish District: 
Ernest King A. Knight Croad 
(Sheffield). | (Glasgow). 
Eastern Counties: Irish District: 
R. H. Parsons W. E. Lilly 
(Peterborough). (Dublin). 
Southern Counties : Welsh District: 
E. W. Porter H. F. Hunt 
(Southampton). (Pembroke). 


Mr. B. E. Dunbar Kilburn then vacated the chair, which was 
taken bv Мг. W. T. Dunn, who briefly thanked the members for 
thar kind reception of his election. 

А Paper on *''Notes on Design and Construction in Gas 
Works," was then read by Mr. George Evetts. Moved from the 
chair, a vote of thanks was passed by acclamation to the author 
for his paper, and a discussion ensued, in which the following 
took part: Messrs. Carr, Watson, Browne, Rugg, Hogg, Taplin 
and Jones. 
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The Author having replied to the discussion, the proceedings 
terminated with the announcement of the ensuing Reception, 
Dance, and Whist Drive, at the Caxton Hall, Westminster, on 
the 4th November, and the ensuing visit on Saturday, 18th 
November, to the works of the Tottenham and Edmonton Gas 
Light and Coke Company, also the Presidential Address by 
Commendatore G. Marconi, on Tuesday, November, 28th. 


BENEVOLENT FUND. 


The Sixth Annual General Meeting of the Contributors 
to the Benevolent Fund of the Junior Institution of Engineers 
was held at the Institution of Electrical Engineers, Victoria 
Embankment, on Monday, 30th October, 1911, Mr. B. E. 
Dunbar Kilburn presiding. 

The minutes of the last Annual General Meeting of 1910 were 
read, confirmed, and signed. 

Moved from the chair, seconded by Mr. F. Disney Napier, it 
was resolved: '' That the Annual Report of the Committee of 
Management and accompanving Accounts, having been issued to 
the members, be taken as read ; and that they be accepted and 
adopted.” 

On the motion of Mr. S. Bylander, seconded by Mr. J. Oswald, 
it was resolved: ‘‘ That a vote of thanks be accorded the Officers 
and Committee for their services to the Fund during the past 
year.” 

The Scrutineers—Mr. H. Kempster and Mr. W. Н. B. Haw- 
ward—subsequently reported that the election had resulted as 
follows :— 

Comnittee of Management :— 

The President of the Institution. 
The Chairman of the Institution. 
J. Н. Pearson. 
Percy L. Young. 
C. Beaven. 
H. P. Philpot. 
Hon. Auditors:—E. Eade and G. C. Allingham. 
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BIRMINGHAM LOCAL SECTION. 


The First Meeting of the Fifth Session was held on 
Monday, October 30th, 1911, at the Great Western Hotel, 
Birmingham. The chair being taken at 8.15 p.m. by Mr. E. E. 
Jeavons (Vice-Chairman). There was an attendance of 13. 

The minutes of the last meeting of the Fourth Session, on May 
lOth, 1911, were read, confirmed, and signed. The Hon. Secre- 
tary read the statement of accounts for that Session. The 
election of Officers resulted in the following being elected :— 

Chairman: Ernest E. Jeavons, Assoc.M.Inst.C. E. 


Vice-Chairman: Martin R. Parker. 
Council: Joseph G. Sweeney, Frederick A. Rollason, Robert L. 
Walker, Thomas L. Brownhill. 


Hon. Auditor: Edward J. Jewell. 
Hon. Secretary and Treasurer: R. B. Askquith Ellis. 


The Chairman then read Mr. George Evetts’ Paper on ‘‘ Notes 
* the Construction of Gas Works.’’ A vote of thanks to the 
мог was proposed by Mr. E. J. Jewell. Не said that although 
wt actually acquainted with Gas Works, he could see that the 
xper would be of great interest to those engaged in this work. 
Mr, В. L. Walker seconded, and the motion was carried with 
*cdamation. An excellent discussion ensued, in which Messrs. 
йога (visitor), Rollason, Parker, Sweeney and the Chairman 
Элей. Тһе proceedings were terminated (about 10.45 p.m.) with 
“е announcement that the next meeting would take place on 
Tuesday, November 28th, 1911, when the Presidential Address 
* Commendatore Marconi would be read by Lieut. A. Handley 
kommanding Southern Wireless Telegraph Со.), and a visit 
‚эша be arranged to the Saltley Gas Works on a date to be 


announced. 
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NOTES ON DESIGN AND CONSTRUCTION 


IN GAS WORKS. 
By GEORGE EVETTS, Assoc.M.Inst.C.E. (Member). 


Read 30th October, 1911. 


Introductory.—In submitting the present paper, the Author 
claims no merit of originality, either of research or expres- 
sion of ideas, but is hoping that the subject matter may be found 
of interest to members of the Institution generally, and of value 
to those actually engaged in the processes incidental to gas manu- 
facture. The paper is really a record of notes and impressions 
during nearly ten years’ experience in the industry. 


It may be desirable to first briefly sketch the process of gas 
manufacture as follows :— 


The coal is heated or distilled in closed retorts ; the gas contain- 
ing all its impurities and tarry vapour is driven off at a temper- 
ature of about 1,400° F., whilst the resultant coke is left in the 
retorts and afterwards raked out by hand or pushed out by mechani- 
cal appliances. The gas then passes through a water seal, through 
the hydraulic main into the foul main, in the meantime commencing 
to cool and to deposit some of its tarry matter. This process is 
continued through the condenser, the temperature at which it 
leaves that apparatus being 60° to 70° F. It then passes to the 
exhauster, which is really a gas pump sucking the gas from the 
retorts and driving it through the rest of the plant. The gas then 
passes on to the washing and scrubbing plant, where the remainder 
of the tar and ammonia and a portion of the CO, and some of 
the sulphur compounds are eliminated. The final process of purifi- 
cation is carried out in the purifiers, which are rectanglar cast-iron 
boxes, containing lime or oxide of iron, or both, through which 
the gas passes, resulting in the removal of the sulphuretted hydro- 
gen, some of the remaining CO, and CS,. It then passes to 
the station meter, and thence to the holder, where it is stored till 
distributed, passing through the district governor (which keeps 
it at uniform pressure) into the street mains. 


General Considerations as to Site, etc. —The site of a gas works 
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should be chosen with great care, having regard to the following 
points :—{a) Access of river, canal or railway, (b) Lowness of 
level, but avoiding danger of flooding. (c) Suitability of the ground 
for stable foundations. Trial holes should be taken, which will 
give information on this point and indicate whether building 
material may be got out. (d) Class of surrounding property. (Avoid 
possible objections of owners or tenants of good-class residences. ) 
The distance from the centre of supply must also be considered. 
The extra cost of land centrally situated should be balanced against 
the cost of long trunk mains, other considerations being equal. 
In modern distribution, however, by the use of boosters for long- 
distance transmission, the diameter, and therefore the cost, of such 
"ak mains may be reduced. 

The general considerations in the design of the various build- 
"and plant are :—(a) Economy in original cost and in main- 
nance of works. (b) Simplicity, and the choice of suitable 
materials. (c) Roomy and lofty buildings of ample size for present 


reds and for the immediate future. (d) Availability for extensions 
поце excessive destruction. (e) Cost of handling of materials, 


«ad of manufacture. (f) Easy and congenial working and super- 
"sion, 

Design of Retort House and Coal Store.—It is impossible to 
tal with this more than іп a general manner, as each particular 
*t of conditions needs a separate solution, owing to questions 
‘iating to differences іп the method of delivery of the coal, whether 
^ cart, rail, ship or barge, to the space at the disposal of the 
"signer, to the nature of foundations, etc. 

The power of each ‘‘ unit,” i.e., the number of retorts in each 
Ішпасе or arch, and therefore its gas-making capacity, is of 
ist importance. In the case of a very small works, there may be 
“ches containing two or three single retorts, capable of making 
гот 3,500 cubic feet per retort per day, and in large works those 
containing ten ''through " retorts, each 20 feet long. These 
latter, which can be nearly filled with coal by machinery, are 
capable of making ир to 20,000 cubic feet per day per retort, or 
200,000 cubic feet per day for the whole arch, the actual brickwork 
of which would occupy a little over 200 square feet. Such a '' unit ”’ 
is suitable only for very large undertakings, as it is uneconomical 
to work only a part of the arch, and the settings cannot be put 
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into operation readily, for a period of at least two or three weeks 
is required to heat them up. 

Thus the question of the ‘‘ unit ’’ is more important in smaller 
works, and in such works it is common to see arches of varying 
capacity in the same house. In works of medium or large size 
large units are not so important, for the water gas plant, which 
can be put into action in a few minutes, can be utilised for sudden 
fluctuations of demand. Now that water gas plants of small 
capacity, working economically, are obtainable, their adoption in 
smaller works will probably become general. 


The two most usual types of retort houses are:—(a) Subway 
houses, in which the producers and flues with their slides are 
all below the general ground level, and the charging 
floor is at or about ground level. (b) Stage houses, in which the 
clinkering floor is on the ground level, whilst the charging floor 
is elevated. See Plate A. 

Occasionally one sees an intermediate type with clinkering floor 
below, and a charging floor above, ground level. The distance 
between the floor levels varies from five feet in very small subway 
houses to 10 feet in modern large works, the average being about 
8 ft. 6 ins. The selection of the type depends mainly on the question 
of foundations, more particularly with regard to water level. The 
ash-pans and fire-bars at the base of the producer must be above 
water level and not liable to floods. Thus, if water is found near 
the surface, a stage house should be built. 


As to the relative advantages of the two types, the stage house 
is more expensive to construct, owing to additional height and 
extra floor work. The actual work in the retort bench is identical 
in each case. The stage house lower floor is safer, more airy and 
more convenient for workmen, and offers an easy method for the 
removal of coke, through floor openings into carts or trucks (which 
can be arranged in line without interference to men on the stage) 
and facilitates quenching. The ashes from the furnaces are more 
easily dealt with, being already at ground level. The adjustment 
of the primary and secondary air slides is an important considera- 
tion. Some authorities object to the stage house on account of 
varying draughts, whilst others maintain that it offers a freer air 
supply, the subway type being naturally more restricted. 
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PLATE A. 


Сот! ои оза 5 
Coal Воњісе г 


Stage Floor Type of Retort House and Coal Stores. 


Digitized by Google 
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With reference to coal feeding, the subway house has the 
advantage that the coal, when deposited in the store, is at charging 
level, and therefore directly available for use, as it can be fed 
through openings in the division wall. For hand charging, and 
. scoop charging by hand or power this is preferable, also for a 
machine with attached elevator. 

In the stage house the difference between floor levels represents 
a layer of coals available only at increased cost of handling, unless 
the store is fitted with elevators for feeding continuous ог 
occasional overhead hoppers, in which case the extra few feet 
means only a small addition to initial expense and running costs. 

Dimensions of Retort House and Coal Store.—The lengtn, of 
course, depends on the number of arches and size of the unit. The 
breadth depends on the bench, whether singles (10 feet) or 
‘‘ throughs ” (20 feet long). Singles are preferable with hand or 
scoop charging, and ‘‘ throughs " are now becoming universal 
in medium and large works, owing to the introduction of machinery 
capable of charging and discharging from one side only. 

The coal store should be adjacent to the side at which coal is 
required (for through retorts charged from both sides two narrower 
stores can be provided), in all cases running parallel to, and usually 
the same length as, the retort house. The coal store is constructed 
of such a width as to allow 15-21 days’ maximum demand, with 
a thickness of 12-18 feet. The thicker the mass of coal, the more 
it should be divided, to avoid the possibility of spontaneous com- 
bustion. | 

The following may be taken as an approximate guide to the 
overall widths of the house :— 

Single Bench: 1 ft. 6 ins. back of bench, 12 ft. 6 ins. for bench, 
18 ft. at front, or 32 feet overall. 

Through Bench, hand or scoop charged (former is rare): 
20 ft. bench and 17 ft. 6 ins. on each side, or 55 feet overall. 

Through Bench, with machine: 15 ft. discharging side, 20 ft. 
bench and 23 ft. for machine without elevator, or 58 feet overall. 
Two feet extra would be required for machine with attached 
elevator. 

If it be possible to add one or two feet to all these totals of 
widths, it would enhance comfort in working, without materially 
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increasing the initial cost and practically not increasing cost of 
maintenance. 

The height for a retort house without machines depends upon 
the number of tiers of retorts in each setting, each tier adding 
about 26 inches to the height. Above the bench the retort iron-work 
requires from 7 ft. to 8 ft. 6 ins., and above this, there should be 
room for access to the bridge pipes for cleaning out the tarry 
deposits. The roof principals should run at right angles to the 
line of the retort bench, so as to facilitate extension when required. 
If it is desired to keep the height down, access for cleaning can be 
aranged for between the principals. 

И machinery is to be employed the height of the house will be 
&xndent on the type of machine adopted. For example, a four- 
te bench and machine, with its own hopper, requires 24 to 26 feet. 
от stage level to roof shoe ; with continuous overhead hoppers, 
$1030 feet. The occasional hoppers for the first machine can be 
put between the principals. 

The three-tier setting in machine-charged houses is becoming 
kss common, as the same number of retorts can be got in on less 
ground space by four or five tiers, which, however, cannot be 
Чагред by hand without a stage. 

If coal is stored to the height indicated, elevators and a longi- 
tudinal conveyer are necessary to fill the store, owing to the 
“cessive cost of handling required to get it to this height by other 
Neans. 

Material for Construction.—The materials used in retort house 
Mstruction are brick ; concrete, alone, or faced with brickwork ; 
«eel frame with brick or concrete filling ; steel frame with corru- 
gated iron covering. 

With the latter the cheapest form of building is produced, It 
5 only used for very small works, and should be avoided, as 
maintenance and renewal charges with corrugated iron are very 
excessive. Scaling sometimes commences in less than 18 months. 
If used at all, it should be painted or tarred at least every year. 

Brick, or concrete, either alone or brick-faced, forms a very 
substantial structure. A steel-framed building with comparatively 
thin filling, is substantial and economical. 

The economical advantages of à concrete, or steel and concrete, 
building, will depend largely on the comparative cost of ballast 
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and bricks on the site. If ballast can be obtained from the subsoil 
the cost will be comparatively small. 

A retort house and coal store recently built of concrete, with 
steel framing, steel roof trusses and slated, of 750,000 cubic feet 
capacity, cost a fraction under 134. per cubic foot, including 
foundations of six to eight feet deep, in some parts six feet thick, 
complete with drainage, but excluding the stage floor. The ballast 
was obtained from the site. The concrete was shuttered up to a 
height of 24 feet, the remaining height making up 34 feet to the 
eaves level being of moulded concrete blocks. The false arches 
for openings, the corners, plinths, etc., were faced with hard- 
pressed Fletton bricks. The actual weight above such openings 
was carried by cross-girders attached to the stanchions. The pro- 
portions for the foundations were: 3 parts coke breeze, 3 parts 
clinker, 3 parts washed ballast to 1 part cement. The shutter and 
block work was made of 7 and 8 to 1 concrete, the 3 parts ballast 
being used as before. The use of clinker and breeze was avoided 
when in contact with steel. The coal store walls were considerably 
reduced in thickness by the insertion of old railway metals as 
reinforcement, on the inner or tension side. These were securely 
laced together by barrel and iron of about 2 inch diameter. 

The cost of a brick and steel structure of an equally substantial 
nature to the building just referred to, and shown on page 8, 
would have cost nearly 3d. per cubic foot. 


To arrive at the approximate cost of a brick or brick and con- 
crete structure for a stage house, a rough rule would be to take 
£24 to 2,32 per то-Н. retort to be installed in the house, ог per 
“ mouthpiece,” as it is termed. This would include cost of coal 
store, but not the stage floor, machinery or retort appurtenances 
of any kind. The ground floor house would be about £6 per 
mouthpiece less. 

Retort House Roofs.—The use of timber principals should be 
avoided in retort houses. Corrugated iron has disadvantages to 
which attention has already been drawn. Slates are more generally 
adopted. 

Latterly many patent forms of asbestos апа composition 
materials have been successfully introduced, oosting two-thirds to 
three-quarters that of slate, the makers guaranteeing them acid- 
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Steel Framed Retort House and Coal Stores. 


56 GEORGE EVETTS ON 


proof, and contracting to maintain them for periods of one to two 
years at the cost mentioned. 

Steel in retort house roofs, hopper supports, etc., should not 
be stressed to more than 44 tons to the square inch, owing to 
the deterioration due to corrosion. 


Design of Retort Setting.—Having decided on the type and 
size of the building, general arrangement, and the '' unit ’’ in each 
arch, attention may be turned to the actual retorts. The following 
points are of importance in the design of a modern gaseous fired 
setting :— 

(a) Stability of the bench ; sufficient thickness of walls ; good 
shape of arch rings. Semi-circular arches are best, as those which 
are too flat cause excessive side thrust on the pier walls ; they may 
also sag and restrict the circulation of the heat. There should be 
adequate brickwork or other material above the actual arch rings, 
to prevent excessive radiation. 

(b) Full depth of fuel in the producer. For caking coals, five 
feet is advisable in settings of eight or more retorts. The grate 
area in the producer should be as large as possible, up to one 
square foot for each то lineal feet of retort. The through settings 
have now usually fire on one side only, 1o to 15 per cent. of fuel 
being saved in comparison with fires on both sides. 

(c) Arrangement of the retorts in the setting for the equal 
heating of all retorts. 

(d) Good regeneration, i.e., the heating of the secondary air 
by means of the waste gases, the latter having done their work in 
the heating of the retorts. This is effected by having a good хиг- 
face of contact between the regenerator flues and the secondary air 
` flues, carefully avoiding the possibility of a short circuit between 
the two. 

(e) Sufficient flue and chimney area. A good rule for this is, 
13 square inch of flue area for each lineal foot of retort for which 
the chimney operates. The chimney should be of sufficient height 
to cause a pull in the flue, and so enable the waste gas to get away ; 
in large houses it is 50 to 70 feet high, but in any case the top 
should be well above surrounding buildings, to avoid down draughts 
and shifting winds. 

(f) Arrangement of slides and general control of primary and 
secondary air.  First-class material should be used throughout. 
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The joints should be very thin, and two to one cement mortar used 
in all stock brickwork, and fireclay cement for all firebrick work. 
An inspection door at the chimney base, in line with the main flue, 
is useful. 

Retort House Floors.—The floors in a stage house are more 
expensive to construct than are those in a ground level structure ; 
as will be obvious on reference to sketch '' A," showing that 


Gal Slore 


‘ger spans, and therefore heavier steelwork, etc., are required. 
^ sketch “В” the ground itself is utilised in making the floors, 
ЧЧ where a machine is employed the outer wheel runs on the 
їт ground, instead of on supporting joists or arches. 

Several types of floors are іп common use; $-inch or 4-inch 
chequer plates on steel joists are often adopted for small works. 
Steel joists and concrete arches or trough flooring forms a strong 
and durable floor, but is more expensive. 

A floor as shown in sketch ‘‘ A," composed of main cross girders 
with smaller longitudinal girders and concrete arches, cost 1s. 8d. 
Per square foot, inclusive of frames for coke shoots, where the 
total weight of machine, including hopper and coal, was 26 tons. 
The centre columns on the charging side, being only about nine feet 
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high, can be of very light section, thus saving considerably in the 
cost of the cross girders. 

In the tunnel, where coke is often quenched, the steel-work 
above should be encased in concrete, which can be cheaply done 
_ by light wire meshing or expanded metal hung round the joist 
thus :— 


In a stage house, the tunnel on the charging side being dry and 
well ventilated, can be used as a store for retort materials, cement, 
etc. 

Ironwork.—For hydraulic mains, steel or cast iron are both 
largely used. There is a difference of opinion as to which is pre- 
ferable, steel being much lighter, although more liable to corrosion 
than cast iron. 

The whole of the retort ironwork should be designed with ample 
facilities for cleaning, and all the gas and tar connections, bridge 
pipes, etc., should be flanged. 

Cost of Retort Settings.—The cost of retort settings in a stage 
house, including the floorings and all ironwork, but excluding 
foundations, is, for single retorts, 4,40 to £46 per mouthpiece ; for 
through retorts £35 to 242 per mouthpiece. 

In ground floor houses the cost would be about 35s. per mouth- 
piece less, owing to the difference in the cost of the floors. 

Taking a price of „235 per mouthpiece, the total cost would 
be made up as follows, taken from actual costs for a house of a 
capacity of 14 million cubic feet per day. The foundations would 
cost from Дт to £4 per mouthpiece. 


Ж s. d. 
Arches only ee е wes per mouthpiece 7 12 O 
Steel bracings ... - IIO O 
Chimney TA ке 2% з т 6 о 
Retort settings, producers and producer ironwork  ,, 13 10 О 
Mouthpieces and all retort ironwork ... Қа 8 2 о 
Stage floors - 2 8 о 
Tunnel floors... ae zd - O I2 O 
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Charging Machinery, Elevating and Conveying Plant.—Retort 
house machinery is not economical in small works, When decid- 
ing on the question of its installation, the engineer has to balance 
the interest on the capital cost, depreciation and wear and tear, 
against the saving to be effected. 


It does not always iollow that by installing machinery better 
results will be obtained from the coal itself, the saving being in 
labour charges. To take as an example the case of the house just 
referred to, capable of producing 14 million cubic feet of gas per 
day, to equip this house with elevators, conveyors, hoppers, 
bakers, charging machinery, etc. (excluding coke handling), 
wuld cost £3,750. The generating plant, power house, cabling 
ad accessories would amount to £1,650, or £5,400 in all. At 
г: рег cent. for interest, depreciation and maintenance, the sum 
"Wired annually would be £945. 


This plant would deal with 30,000 tons of coal per annum. There- 
те 1414. per ton is needed to meet the above charges. 


The Engineer would therefore have to be certain that by instal- 
ng the machinery he could save this amout at least in labour 
Carges. There is little doubt that under normal conditions this 
tuld be done. 


Fertical and Inclined Retorts.—The author has had no direct 
“perience of either the vertical or the inclined systems of carboniza- 
"^ The former appears to be making considerable headway 
х ће Continent, and in several places in this country are giving 
ty good results. The advantages claimed are: more gas made 
® ће same ground space, very great saving in labour charges 
Wh increased makes, greater control over the heats, and lower 
“ра costs per 1,000 cubic feet sold. 


The remarkable results, however, which have recently been 
Stained from horizontal retorts and stoking machinery, seem to 
have had the effect of retarding the progress of vertical retorts in 
this country. Several undertakings now sell about 12,000 cubic 
ket of gas made per ton of coal. What a striking contrast 
with the London Gas Companies of 1875, when the Ratcliff Com- 
Pany sold 9,300, the Phoenix 8,800, and other London Companies 
less than 8,000 cubic feet per ton! 


Cests of Exhausters, complete with Engines, Connections and Foundations. 
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Condensers.—There are a number of different types of con- 
densers in use, and in many works condensation is effected by 
simply giving the gas a long run in almost parallel rows of pipes, a 
method found very successful for the removal of napthalene. 

It may be mentioned that steel has latterly come into extensive 
use for the plain pipes, and also in the annular type, no doubt 
owing to recent developments in lap welding. 

Scrubbers.—Steel has also been largely employed in the con- 
struction of the ordinary tower scrubber, the rings being simply 
veted up by lap or butt joints, with outside angles at top and 
пот. There are many engineers, however, who prefer the cast- 
ші variety owing to its superior endurance against corrosion, 
ad the facility with which, when the output of the works has 
xrased beyond its capacity, it can be taken down, sold, and re- 
cated cisewhere, 

Note may here be made of three types of joints sketched 
kow in common use in cast-iron scrubbers, tanks, purifiers, etc. 
à such joints in gas works plant should be faced. 
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Purifiers.—Purifiers are of two main types: (1) ground level, 
2; overhead. 

When it is pointed out that to purify one million cubic feet of 
ғаз per day, the purifier boxes (say a set of four boxes 25 feet 
Suare and 5 or 6 feet deep), contain altogether 6,000 cubic 
ket of oxide of iron, weighing r50 tons, it can be readily under- 
stood how important it is that these boxes should be economically 
aranged, with a view to ease of filling and emptying. 

In the ground level type the boxes are sunk into the ground, 
either wholly, or more generally their major portion is, the base 
being on a square block of concrete, which, in the case of bad 
foundations, has to be reinforced or piled. 
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There may be four boxes to a set, or three deep ones. The four 
may be arranged in either of the two following ways :— 


ХХ n 
а К 


In the second method, the purifiers are often placed 
close to one another with one division plate, thus saving a side 
plate between each pair. The revivifying space for the foul oxide of 
iron is alongside, necessitating a considerable increase in the space 
occupied, but in the overhead type the same area of ground answers 
for both purifying and revivifying processes, as the purifiers are 
supported on overhead framework of stanchions and cross girders 
with the oxide underneath. 

When a purifier is foul the cover is taken off, and, in the ground 
type, the oxide is taken out by shovel and barrow and spread on 
the floor to enable the air to revivify it ; that is to allow the wet 
ferrous sulphide (Fe, 5.) to take up the oxygen in the air, throw 
off free sulphur and leave the hydrated ferric oxide (Fe, О, Н,О) 
which is the active purifying agent. After frequent turning at 
intervals, the oxide is shovelled back again when required. 

In the overhead type the oxide is shovelled into shoots at 
different points of the purifier, is shot out on the ground beneath, 
and then spread, When revivified, it 1s hoisted to the upper level, 
either by manual labour, or more generally by a conveyer, elevator, 
and conveyer again at the, upper level. 

It may be added that to empty and refill such boxes as described 
takes from two to three times as long by the first method as by 
the second. 

The advantages of the overhead, as compared with the ground 
level type are :— Ease of emptying and filling ; saving of time and 
labour; greater accessibility, so that the plant may be kept in 
good order more readily ; less ground space required and therefore 
lower capital cost of land. 

The comparative advantages of the ground level type are simply, 
lower initial cost (a little over one-half) and similar saving in 
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maintenance, for no heavy supporting framework, elevator and 
conveyer, power, etc., are required. In the overhead type very 
heavy girder work is necessary to support the cast-iron boxes and 
the oxide. 
In the case of a foundation of a doubtful character, the overhead 
type is not suitable, as the weight is concentrated at the standards. 
The facilities for filling and emptying become less important if 
revivification is partially carried on inside the box by injecting a 
small percentage of air. The labour costs saved by the over- 
head type is more than balanced by the extra interest on capital, 
é&preciation and maintenance, which accounts for so few of these 
isstallations having been introduced even in the larger works. | 
As to the size of the purifier, a common rule is to take (for a 
“of four, one of which is usually out of action) о.б of a square 
*et in area for each purifier per 1,000 cubic feet of gas per day, 
ішпе is used, and rather less іп the case of oxide. 


Purifiers vary from 4 and 5 feet square up to 40 feet square. It 
s advisable that they should be до, бо, or even тоо per cent. 
Kater than the size needed for the minimum requirements of the 
«orks, with connections proportionately large. The capacity of a 
Rufier increases in a much greater rate than its cost. Its life 
tay be taken as 50 years at least ; it should be remembered that 
€Xlarger the purifiers, the less frequent is it necessary to change 
te material. 

The author has known purifiers, with the air injector, to be in 
tinuous use for 12 months, whereas, when they are undersized 
tev frequently have to be chariged every few days in winter. 

The valves (which may be centre valves, of the rack type, or 
*draulic) and connections should be so arranged that any one 
athe set may be first in the series or any number of the set may 
е out of use. One such arrangement is sketched on page 17. 

A handy rule for size of connection is: the diameter of the pipe 
in inches to be equal to the square root of the area of each purifier 
in square feet, for small purifiers. For medium sized, deduct one- 
eighth from this and for very large ones deduct one-sixth or one- 
ifth. 

There should be some mechanical contrivance for lifting the 
cover, In very small works this frequently consists of a pulley 
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block on an overhead joist or beam. In medium or large works a 
common arrangement is two “А” frames running on rails on 
either side of the line of purifiers, the top of the irames being 
spanned by a single joist or lattice girder. The travelling can be 
done by hand, giving a purchase through toothed gearing. The 
actual lifting is done by pulley blocks, or, in the case of very 
heavy covers, by hydraulic ram or other means. Overhead travel- 
ling cranes are sometimes adopted. 

Purifier Sheds and Houses.—In early days the purifiers were 
often housed in buildings of massive construction, with more or 
less artistic embellishment, but in recent times these have given 
place to light open sheds on small piers of brick, concrete, or 
vertical joist standards, with light trussing and corrugated iron 
roofing, this roofing covering also the oxide space. 

The more recent practice is certainly better, as the initial cost 
is only 1s. to 1s. 3d. per square foot of covered space, whilst the 
old massive buildings cost about 3s. per square foot for ground 
floor houses. With the open type also, the ioul oxide gets more 
air, and there is less risk, for the very nature of the old house 
constituted a danger in itself. When gas is mixed with the requisite 
quantity of air to form an explosive mixture, it is obviously more 
dangerous to have it enclosed in a strong case, as it were, for 
should an explosion occur something has to go, whereas in the 
open type the gas has unlimited chances to disperse in the sur- 
rounding air with no more trouble than an objectionable smell to 
those in the immediate vicinity. 

Turning now to the purifiers themselves, they are of two 
types: (1st) the water-luted type, where the gas is kept in by a 
water seal; (2nd) the dry-luted type, where the gas is kept in by 
a strip of tallowed hemp, rubber, or similar material. The tops 


Gas Works’ CONSTRUCTION. 65 


| — i, of Pubber 
pO o allowed hemp 


м 
MOEA RSA AS AKA 


WATER LUTE ORY LUTE 


ol the water-luted type are usually domed, whilst those of the 
(ir type are flat. A sketch of the two types is appended. The 
‘un sheeting in the cover is stiffened by bracing oí T iron, Н joists 
ж channels. 

The advantages of the dry-luted type are: greater safety, owing 
‘othe liability of the water in the water-lute to evaporate and so 
lessen the seal, and their immunity from blowing owing to some 
znporary excess of pressure in the purifier ; also greater durability. 
The water-lute is rarely installed now. 

Cost of Purifiers.—The cost of purifier box castings is about £9 
о £9 105. per ton and £15 to £16 per ton for the covers, or 
210 105. to Жіп complete with supporting brackets and tees. To 
3s has to be added the cost of the connections and the wooden 
seves for carrying the purifying material. For plain grids with 
«aght bars, 64. per square foot is the usual price. 

The cost, on a basis of purifying capacity, varies with the size. 
The curve below shows the costs of a set of four purifiers, plotted 
&ainst the daily capacity, with a side note as to the probable size 
Я such purifiers. 

Several details of flat-topped boxes are shown on page 20. In 
designing these boxes, the following notes will be found useful :— 
The floor plates should have internal flanges ; by this means local 
stress on the bottom plates 1s avoided, the purifier getting a level 
bearing on the concrete foundation ; and the joints being more 
accessible. The plates should be designed with as few different 
patterns as possible. Sufficient metal should be put in the plates 
to avoid cracking by local strain. The cross girders and bracing 
of the covers must be strong enough to resist the total upward 
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Cost of set of Four Purifiers complete with Connections, Lighting Gear 
and Foundations. 
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pressure of the gas ; they must also have sufficient depth and cross 
section to avoid sagging when lifting, otherwise the riveting may 
be destroyed. 


Gas Storage.—The amount of storage provided is usually from 
IS to 24 hours’ maximum make, 18 hours’ being a common rule 
if water gas is made. This proportion is very elastic, as the last 
gas-holder built is usually the largest, and therefore, before a 
new holder is available the storage is deficient and immediately on 
its completion may exceed the figures given above. 

A common practice is to provide a tank and inner lift or lifts 
with provision for adding another lift, so that for a comparatively 
small cost the capacity can when necessary be increased by 50 or 
100 per cent, 
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The question of site is of great importance. The foundations 
should be good, as both tank and holder should be perfectly rigid 
and level, and all work must be tight. Owing to the space 
required (equal to that of retort house and coal store combined) 
the cost of land must be considered, and it may be advisable to 
. have a separate gas-holder station. 

Simultaneously with the site question, the proportion of the 
holder, i.e., the ratio of diameter to height and the number of lifts 
for the requisite capacity, has to be considered. For multiple-lift 
holders the height of each lift should be roughly from one-fourth 
to one-seventh of the diameter, the total height of the holder itself 
ranging from 0.7 to 1.0 of the diameter. For single-lift holders 
this proportion is usually about 0.3 to 0.4. On these proportions 
and number of lifts depends the cost of the holder and tank com- 
bined. A small number of lifts will necessitate a deeper and more 
expensive tank, the depth of the tank being approximately equal 
to that of each lift, but the holder itself will cost less because if a 
small number of lifts are used multiplication of cups, grips, 
carriages, etc., the weight of which is considerable, is avoided. 

Taking a lift (not the inner) of, say, 100 feet diameter and 25 feet 
depth, the sheeting and vertical stiffeners will weigh about 24 tons, 
whilst the metal at top and bottom will weigh 13 to 14 tons. 

A high holder also requires more expensive guide framing, 
owing to increased length and heavier sections. 

Taking, however, all the points into consideration, the propor- 
tions will work out within the rules given. The next point to 
settle, or rather in conjunction with the matters aforementioned, 
is the type of tank. We have to do the best with the foundations 
and material at our disposal. 

Gasholder Tanks.—The tanks are of two main types: (1) Those 
mostly or wholly above ground level, usually of steel, but cast iron 
or reinforced concrete may be employed. (2) Those below ground, 
of brick (and puddle behind) concrete rendered, a combination of 
both, of cast iron, or of reinforced concrete. The reinforced con- 
crete tank is, of course, the latest development in this branch of 
the work, whilst the cast-iron tank is now very seldom erected. 

For very large holders, assuming good foundations with little 
water, a brick or concrete tank is most suitable. Some years ago 
brick or cast-iron tanks were almost universal, but the cheapening 
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of cement led to the introduction of concrete tanks. With ballast 
at a reasonable price, such tanks are cheaper. Concrete and brick 
tanks must be puddled at the back, or rendered, to make them 
watertight. The puddle should be carefully rammed and watered 
in sections as the wall is built up. Most concrete tanks are rendered, 
and in order that the rendering may make the tank watertight it 
should be applied when the tank is under tension. 

In the design of brick and concrete tanks, experience based on 
Previous work and recorded failures, is of the greatest utility to 
the engineer. The theoretical treatment of the stresses in such 
tnks is based on many surmises, and the value of material in 
"won is very uncertain. There is very little stress in the 
реа tank when containing water, the maximum stress being а 
compressive one due to the puddle backing when empty. The 
tress in the rendered tank is tensile, and the walls must therefore 
X thicker. 

Comparing the two types of tanks—brick and puddle, and con- 
“че rendered—the former has the following points in its favour :— 
Crater certainty in its tensile or compressive stress, although less 
Namount ; less skill and vigilance required during its construction, 
“ering smaller chance for ‘‘ scamped ” work ; less initial stress 
te to shrinkage and less liability to cracks arising from varying 
"perature of the water. 

Against this the concrete tank is usually cheaper, and has а 
wer life, although concrete in short lengths is expensive. 

Unless the holder is upwards of two million cubic feet capacity, 
14 the foundations are good, a steel tank is undoubtedly the 
Феареѕ+ form. This type has come into general use for all but 
de very largest holders since the introduction and cheapening of 
“ре rolled plates. They have been constructed for holders up 
five million cubic feet capacity, of a diameter up to 240 feet and 
è depth of 40 feet. They possess the following advantages :—-Low 
mitial cost ; quickness and ease of construction and facility for 
Control ; all bad work can be afterwards detected, as the whole is 
accessible for inspection; they can be designed with greater 
*actness, as the stresses are ascertainable, and steel is more 
reliable under stress ; facility with which repairs can be made, so 
that the original strength can be recovered ; no internal stresses 
from Shrinkage, change of temperature, etc. ; absolute safety 
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(the author has never come into contact with a case of failure of 
steel tank) ; the filling can be commenced as soon as the work is 
completed. 

Referring to the last point, a common method is to test the 
bottom curb and plates with the bottom row of side plates riveted 
up, with about 10 inches of water. The tank is then let down on 
to its base and the contractor is always prepared to take full 
responsibility for the tightness of the tank when it comes to be 
filled. There is thus no emptying and re-filling, as in the case of 
brick tanks. 

An objection urged against steel tanks, however, is their short 
life and rapid deterioration, but investigation has proved that the 
water has no action on the inside of the plates, whilst the outside 
can be adequately protected by pitching or painting—an additional 
expense to take into account. The only portion liable to wear is 
the top of the side plates, which are at the top water level. 
Nevertheless, the life of steel tanks is short compared with those 
of brick or concrete construction. 

It should be noted that the rivets in gasholder and tank work 
have to fulfil a different duty to those in the guide framing and in 
ordinary constructional work. They have simply to keep the plates 
together, forming a gas or watertight joint. In recent tests it has 
been proved that,the ultimate resistance of tank plates is less than 
the stress that would be necessary to overcome the friction at the 
joints, and that the friction is so great that within the limits of 
working stress there is neither shear in the rivet nor bearing stress 
against the shank. This, of course, applies to first class riveting, 
and the rivet should in all cases fit the hole tightly. 

The thickness of the bottom row of side plates is easily worked 
out by the usual formula for boiler plate thicknesses (p.d. — 
2 f.t.e.); in which the pressure is that equal to a head of water 
equal to the depth of the tank. 

For a tank 140 feet in diameter and зо feet deep (suitable for 
a 14-million 4-lift holder) the thickness would be т inch. The tank 
would be made of six or seven rows of varying thicknesses, from 
$ inch at the top. The bottom plates would be $ inch for outside 
row about 4ft. 6ins. broad, the remaining rows $ inch. The 1-inch 
bottom side plates would be joined to the j-inch outer row of 
bottom plates by an internal circumferential angle 6 ins. x 6ins. x 
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+ inch thick, the rivets would be 14 inch in diameter, about 3-inch 
diagonally pitched. There would be a top circumferential angle 
and an intermediate one, both fixed to the vertical standards by 
suitable gussets. 


The reinforced concrete type of tank does not seem to be making 
much headway ; no large ones have been built in this country. In 
a cylindrical tank, not puddled, all the stresses, unless the tank 
is deformed, are tensile, and if the principle of reinforced concrete 
be rigidly enforced, viz., that the steel reinforcement is to take 
the tension, it is clear that the amount of steelwork required would 
be as much as that necessary for an ordinary steel tank, and 
athough this reinforcement costs less in place per ton than the 

meted tank work, the difference in cost is more than balanced by 
tte cost of the concrete. 


The cost of reinforced concrete tanks underground compares 
very favourably with steel tanks, and is less than concrete or brick, 
wut the disadvantages already referred to as applying to concrete 
tanks apply to those of the reinforced type. 


There is difficulty in the construction of these tanks to get the 
rinforcing bars in proper position, secure against displacement, 
ad in getting the concrete to form a homogeneous and compact 
Zass round the closely pitched bars, Success, of course, depends 
zmost entirely on these two factors, for if they are not carefully 
ztended to the tensile strength of the steel will not be fully 
*ought into play. The tensile resistance of the concrete is also 
detroved and minute leaks are caused before the stress in the 
steel reaches one-half its working limit. Another important con- 
sideration in connection with reinforced concrete tanks is that they 
cannot be filled until some months after completion. Advantages 
claimed for them, as compared with the steel type of tank, are, 
increased durability and no maintenance charges, such as painting, 
etc. 


Cost of Gasholder Tanks.—This depends on foundations and 
comparative costs of brick and ballast. For suitable foundations 
for each type the average costs are shown in the table below :— 
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Brick and | Concrete 
puddle. | rendered. Sige 


For 2 million cub. ft. holder— 


Cost per 1,000 cub. ft. holder capacity | 44 155. 54 SS. to |63 105. to 
5 


| to 46 105. | 43155.* 
Cost per cub. ft. tank capacity ... |4d. to 54. 3 64. to 3 od. 
For 1 million cub. ft. holder— pm 
Cost per 1,000 cub. ft.  ... Wee зі iis 64” 
Do. for 4 million cub. ft. holder s et 04 12s.* 
Average cost of tank for r million cub. 
St. holder— 
Per 1,000 cub. ft. capacity ... | 5 10s. 65 54 + E SS. 
dations 
= №4 158. 
Per cub. ft. tank capacity s 5'5d. 5'od. 47d. 


*Add foundations rss. to 30s. in each case. 


The cost of reinforced concrete below ground is about equal to 
steel above ground. That of steel tanks is shown by the curve on 
page 26. The cost per ton is £15 to £16 Ios. 


Gasholder Construction.—The modern type of gasholder some- 
times known as the '' balloon,"' consists of a number of compara- 
tively light columns, spaced usually from 15 to 25 feet apart, 
securely braced together by horizontal girders and diagonal ties 
of round or flat bars, and is very economical and reliable. The 
stresses in any holder and framing are very complex, and each 
type has a different set of conditions. No less an authority than 
the late Sir Benjamin Baker has declared that for certain types of 
design it is impossible to compute the stresses. Such holders, of 
which there are many in existence, were designed as a result of 
practice and experience, and well designed they must have been, 
for one never hears of collapse or failure. 


The ‘‘ balloon ’’ type already described is preferable to that of 
the old massive cast-iron columns with heavy cross girders and 
very long bracing rods. These heavy columns, however, have an 
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advantage, inasmuch as the columns are well able to preserve the 
rigid guiding of the holder. 

The following is given as an indication of the method of gas- 
holder design :— 

The wind pressure is taken at from 16-20 lbs. per square foot on 
the diametrical section. The columns are subject to a cantilever 
stress, the pressure being transmitted on one side directly by the 
rollers attached to the holder at the corresponding points. Radial 
rollers only transmit pressure to a quarter of the number of 
columns, and tangential rollers to a half, but the bracing transmits 
this pressure through the whole structure. 

The horizontal girders are the struts and the diagonal bars are 
the ties. The whole guide framing therefore can be treated as a 
huge cylinder stiffened by a thin internal ring (the holder itself). 
The tendency to buckle is overcome by the stiffness of the holder 
curbs, cups and vertical stiffeners, in fact, each lift must be rigid 
in itself without assistance from the framing. 


The total capsizing force tends: (1) To break the holder off at 
the base and overturn it, and (2) to distort the framing out of its 
cylindrical form. 

The whole cantilever therefore has to overcome only the first of 
these tendencies, in addition to which each cantilever has to over- 
come the bending moment, due to the wind in each bay. The total 
vertical shear in each cantilever is then resolved along the other 
parts of the framing, horizontally for the struts and diagonally for 
the ties, as in the case of a cantilever-braced girder, whose 
maximum shear can be found. 

Certain portions have to be designed separately. Thus, the top 
curb, i.e., where the outside row of crown sheets meets the top 
row of side sheets, is entirely in compression, the amount of which 
can be approximately calculated. Further, the curved curbs and 
cups are subject to bending between the columns or points of sup- 
port and should therefore be sufficiently stiff to avoid springing. 

For small holders up to 2-million cubic feet, the author has found 
the most economical design to consist of plain Н joists for the 
vertical standards, 15-18 feet centres; smaller joists for the 
struts ; and circular rods with adjusting screws for the ties, The 
weights of a 2-million holder would be :— 
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Tank, inlet and outlet pipes 210 tons 


Guide framing... ... IIS ,, (of which diagonal braces 
weigh only 15 tons) 
Three-lift holder sc IOS. 5) 
Total ... 490 tons. 


For larger holders the lattice-braced vertical and horizontal 
girders form the cheapest method of construction, but the main- 
tenance costs are more. Generally speaking, the best holder, both 
from the point of view of initial cost, maintenance and reliability, 
is the simplest that can be designed without waste of metal. 


The rollers should be large and capable of adjustment. Any 
adjusting bolts of the top carriages should be accessible, and should 
* independent of the gasholder sheets. 


The cups carrying the water for sealing the lift, and its grip, 
such is an inverted counterpart, should be of the channel type 
*ith a stiffening bead at the ends, as shown below. The semi- 
arcular type is bad, as there is initial stress caused by the bending, 
zd а grinding action takes place as the cup and grip meet, if one 
fart is not exactly central to the other. A circumferential channel 
sa good form for the bottom curb, the plates carrying the bottom 
Шеге being fixed to it. 


The sheeting of the crown is from 14 gauge to 10, depending on 
the size of the holders, with thicker plates at the outside and centres, 
The side plates are 12 gauge to 10, with thicker plates at the top 
and bottom joining on to the cup and grip. The object of thickening 
the plates where the angles and rolled sections occur, is to avoid 
joining very thin plates to thick ones, which is difficult and causes 
bad and leaky joints. 


Large sheets should be used where possible, as riveting is thereby 
reduced and there is less chance of leakage, although smaller plates 
and more rivets tend to stiffen up the shell. The thin sheets are 
usually cold riveted by -inch rivets 14-inch pitch, strips of tape 
soaked in red and white lead being inserted between the sheets at 
the lap. All rivets above 4-inch diameter have to be driven hot. 


The top of the holder is domed to relieve the pressure on the top 
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DETAILS ОР HOLPER 


STANDARD 


Fee ly pes see Nast Plata 


CONNECTIONS OF TANK 
AND FRAMING TO THE 
YERTICAL STANDARDS. 


d NAME. | Usua DIMENSIONS AND SIZE. 
A Top Angle Curb of Tank " 3° x 3” x3$—6 x 6" x 3". 
B Bottom Angle Curb of Tank .. E 3 х 3° x 3$'—6" x 6" x г". 
C Bottom Curb of Outer Lift | 6" x 3 —10" x 4”. 

D Top Angle Curb of Inner Lift . j 3 X3 X 3$"—6' x 6" x 1". 
E Cup Channel 7” x 3"—10" x 4" 

F Side Sheets ... | No. 14 W.G. to No. 8 w.c. 
G Crown Sheets ; No. 14 W.G. to Ко. 8 w.a. 
H Bottom Rollers, Outer Lift 6'—12"dia. 3—5 _ face. 
J Top Rollers, Inner Lift 12"—27" dia. 3--5” face. 
K Top Rollers, Outer Lift 8'—12"dia. 3-5” face. 
L Bottom Rollers, Inner Lift 4 —7 dia. 3 —5 face. 
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curb and plates. The top curb stresses are shown in the following 
diagram: 


The stress on the top sheets is uniform and diminishes in propor- 
uo) to the rise. The usual rise is one-twentieth of the diameter for 
stall and medium holders and rather less for large ones. The 
dome being so frail, it requires some support when the pressure of 
the gas does not assist it in keeping it spherical in shape. This 
i effected in two ways: (1) by a framing of timber, metal, or a 
combination of both, in the tank, on which the dome rests when 
wered ; (2) by a framing of light iron, like an open umbrella, 
ixed to the dome and top curb with a centre post. For small holders 
$ second method is generally employed, as it gives the advantage 
о: the trussed crown, and the disadvantages are reduced to a mini- 
tun, but the cost becomes excessive in large holders, and taking 
ai things into consideration a timber frame is recommended for 
aders more than 70 feet in diameter. 


Several details of holders showing the usual variations of thick- 
nesses and dimensions will be found on pages 29 and 31. 


Cost of Holders.—The cost of holders per ton works out at £20 
to £22 for the holder, including cups, grips, carriages, etc. ; £15 
to £17 per ton for the guide framing ; 4,16 to £18 per ton for 
the gasholder, framing and steel tank combined. This would be 
the simplest type as described. On page 26 is given a curve of cost 
of such holders. For the lattice guide-framing £2 їо £3 per ton 
should be added. 

It may interest members to know that the largest gasholder on 
this side of the world is at the East Greenwich works of the South 
Metropolitan Gas Company, and was designed by the late Sir 
George Livesey. It holds 12 million cubic feet. The cost of the 
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holder and framing was 242,000, the tank about 4 18,000, a total 
of £60,000, or £5 рег 1,000 cubic feet. 


Spiral-Guided Holders.—The introduction of spiral guides fixed 
to the sides of the lifts, such guides taking the place of the vertical 
standards and cross bracing, is of great interest to gas engineers, 
the advantage being the saving in the cost of the guide framing, 
with only a slight increase in the cost of the remaining portions. 
. А great deal of discussion took place as to the stability of holders 
erected on this principle, and many engineers were of the opinion 
that they were doomed to fail, but the fact that such a holder has 
been standing since the system was first introduced, more than 
twenty years ago, is sufficient proof of stability, at least, for small 
holders. 

More recently larger holders have been constructed and in all 
ases have given satisfaction. Where two of similar size, one of 
&ch type, have been erected in the same works and the behaviour 
(each under heavy wind observed, no complaint has been made 
Ч Ще stability of the spiral-guided type. The largest of this type 
"t designed is now under construction in this country for Buenos 
Ayes. The steel tank is 200 feet diameter by до ft. 6 ins, deep (one 
ofthe largest made) and has a timber framing for resting the crown. 
There are four lifts, and the total capacity is 44 million cubic feet. 
The tank consists of seven rows of plates, the bottom row being 
f inch thick, riveted by 14 inch rivets to a bottom angle curb 
fins. x6ins. x r in. The guide rail is 41 ins. high by 4 ins. base. 
The cost complete would be about £33,500 erected in this country, 
inclusive of foundations, which works out at £7 9s. per thousand 
Cubic feet complete. Such a holder with outside guide framing 
would cost at least £52,500 extra on the whole job, or 74 per cent. 
More. 

A smaller holder of this type, with steel tank and three lifts was 
quoted at 412,425 for the frame-guided type and £11,475 for a 
spiral guide, again a difference of 74 per cent. 

Perhaps the greatest objection to the spiral-guided holder is its 
unsightly appearance. Some of the details of these holders are 
illustrated on page 

Appendices. Appendices are attached giving estimates of sizes 
and costs for complete Gas Works. 
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APPENDIX I. 


Estimate of Size of Plant and Distributing Mains Required for a 
Works Making 400 Million Cubic Feet of Gas per Annum. 


Note.—The following appendices are intended only as a guide, 
exemplifying rules and their application. The various sizes and 
prices are all based on actual practice and are therefore approxi- 
mately correct, although extreme cases can be found with diver- 
gence on either side. If such an undertaking had to be built up 
gradually from a very small concern, the cost would naturally be 
higher; perhaps 20 to 40 per cent. 

400 millions per annum would be equivalent to a maximum day 
of about two million cubic feet. Assume this to be 1,500,000 cubic 
feet coal gas, and 500,000 cubic feet of carburetted water gas, the 
latter being 25 per cent. of the whole, a fair proportion. 

Land.— At the rate of three acres per million cubic feet—six acres. 


Retort House.—Settings of eight would be suitable. Taking 
7,5c0 cubic feet per mouthpiece per day, and 15 per cent. margin 
1,726,000 

7,500 
through retorts, say, 15 beds of 8. 


for retorts out of operation, = 230 mouthpieces, or 115 


Length of retort house required :— 


15 arches x 8 ft. ... = ... 120 feet 
I4 division walls x 18 ins. ... Ds 2T у; 
2 end walls x 3 ft. ... T Dn 6: 35 
2 end spaces x 6 ft. ... У 2 12 4. 
- 159 feet. 


Total length 159 feet internal, or 163 feet overall. 

Breadth, for a machine charging one side only, 58 feet (15 feet 
+ 20 feet + 23 feet). 

Height, say, a stage house with two overhead fixed hoppers : 
between floors 9 ft. 6 ins., charging floors to roof shoe 26 ft.; total, 
35 ft. 6 ins. 

Coal Store: 20 maximum days’ storage under cover, depth 16 ft. 

Assuming a make of 11,000 cubic feet per ton of coal, the coal 
1,500,000 

11,000 
storage required, 140 Х 20 = 2,800 tons. 


required per day would be 140 tons, and the total 
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Let breadth equal В feet, then the storage capacity = 159 (total 

internal length of retort house) x B x 16 cubic feet 
_ 159 X Вх 16 tons 
43 

60 B = 2,800, from which B = 50 feet, nearly. 

Condensers.—24-inch pipes would suffice for foul gas mains and 
condenser pipes, the rule being 5 square feet of atmospherical con- 
densing surface for each 1,000 cubic feet per day. 

As each foot run of 24 inch pipe offers 6.3 square feet area, the 


length required = сш = 1,200 feet run, or, say, 400 feet 
foul main and 800 feet condenser proper. 
Exhauster (Coal Gas).— 


= бо B tons. 


; ear 
Maximum дау = 7°“. 
200 


day _ 1,500,000 
20 20 

The exhauster should therefore be capable of dealing with at 
least 75,000 cubic feet an hour, and would require an engine of 
about 8 h.p. Two would be required, one as a stand-by. Possibly 
one exhauster would be made somewhat larger. 

Scrubber.—The rule is 6 cubic feet capacity per 1,000 cubic feet 
per day. The height is usually 24 to 4 times the diameter, and 
plates run 3 feet deep for cast-iron structures. Thus, the capacity 
required would be 1,500 x 6 = 9,000 cubic feet, and dimensions 
15 or 16 feet diameter by до feet high. Two scrubbers would be 
necessary, one being cleaned out at a time. 

Washer Scrubber.—For14 million cubic feet per day the washer 
scrubber would be 7 ft. diameter by 16 ft, long, with 20 inch con- 
nections. 

[Note.—The combination of pipe condenser, tower scrubber and 
washer scrubber has been selected as one of many satisfactory 
arrangements of cleaning apparatus preceding the purifiers.] 

Purifiers (Coal Gas).— Each box in set of four to have о`6 square 
feet per 1,000 cubic feet per day. 

The size of each box = 0.6 x 1,500 = goo square feet = 30 feet 
square. The size of connections should be ,/goo — 1/5 = 24 inches. 

Meters (Coal Gas).—75,000 cubic feet per hour, 24 inch connec- 
tions. 


Maximum hour = 
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Gasholders.—Say, 18 hours’ storage, including carburetted 
water gas, or 1,500,00 cubic feet in two holders, one of a half-million 
cubic feet capacity and one of one million. 

For the small holder, suitable proportion would be steel tank and 
three lifts. Steel tank roo feet diameter by 25 feet deep ; three 
lifts, 98 ft., 96 ft. and 94 ft. diameter, and about 25 feet deep. 

For the large holder, say, of three lifts, the steel tank would be 
122 feet diameter by 33 feet deep ; and the three lifts 120 ft., 118 ft. 
and 116 ft. diameter, by about 33 feet deep. 

Governors.—These depend on the method of distribution. It is 
common practice to have separate governors for distant portions 
of the district. These governors may be assumed, one on a 24-inch 
main, one on a 12-inch main and one on an 8-inch main. 

Boilers.—Two Lancashire or water tube boilers, evaporative 
capacity 4,500 lbs. per hour each. Suitable for all purposes, includ- 
ing sulphate making, but excluding C.W.G. plant. One as a stand- 
by, say, Lancashire, 24 ft. long x 6 ft. 6 ins. diameter. 

Tar and Liquor Wells.—Rule, 5 to 6 weeks’ make, say, 40 maxi- 
mum days, As the yield is 11 gallons of tar and 26 gallons of liquor 
per ton, the maximum daily make is 140 x 37 = 5,180 gallons. 
5,180 gallons x 40 days = 207,200 gallons = 33,000 cubic feet, 
for which, say, three tanks, each 32 ft. x 34 ft. x 10 ft. deep, 
are required. 

Exhauster and Engine House.—36 ft. x 22 ft. x 12 ft., average 
height = 19,000 cubic feet, 

Purifying Shed.—130 ft. x 75 ft. x 11 ft. to eaves = 9,750 
square feet covered area. Revivifying floor alongside. 

Meter House and Governor House.—28 ft. x 50 ft. x 14 ft., 
average height — 19,600 cubic feet. (C.W.G. meter also in this 
house.) 

Boiler House.—36 ft, x 18 ft. x 14 ft., average height = 9,100 
cubic feet. 

Generating House.—A suitable plant would be two бо to 55 h.p. 
gas engines, with dynamos (assuming electrically driven plant). 
House 42 ft. x 24 ft. x 11 ft. high. 

Stokers’ Lobby.—It may be convenient to plan the stokers' lobby 
as a second floor to the generating house. Total building 42 ft. x 
24 ft. x 22 ft., average height — 22,000 cubic feet. 


Gas Works’ CONSTRUCTION. 83 


Sulphate Plant.—A 400 million works, making every nine weeks, 
would produce :—63 days x 120 tons (average) x 26 gallons of 
liquor = 196,500 gallons = goo tons of liquor ; and from it would 
be obtained 75 tons of sulphate of ammonia. 

The plant should be capable of producing 11 to 12 tons of 
sulphate per 24 hours, so that the process of sulphate making 
would last for a period of a week. | 


Carburetted Water Gas Plant. —Required capacity 500,000 cubic 
feet, ог 25 per cent. of the whole works’ make. As the C. W.G. 
capacity may have to be temporarily increased to 700,000 cubic feet, 
it is advisable to provide for 800,000 cubic feet a day in two equal 
sections, using one-half generaly as a stand-by. A suitable 
arrangement of buildings is : central two-storeyed house for gener- 
ators, carburetters, superheaters, etc., and lean-to attachments on 
either side, one for blowers and exhausters, the other for boilers. 

The main building to be 32 ft. x до ft. x 30 ft. average height ; 
the boiler annexe, 22 ft. x 40 ft. x 15 ft. average height ; the 

bower annexe, 21 ft. x 40 ft. x 15 ft. average height ; a total 
capacity of 64,200 cubic feet. 

Two Lancashire boilers, 24 ft. x 6 ft. 6 ins., one as a stand-by. 


p 400,000 _ 


The exhausters to deal wit 20,000, Or, Say, 25,000 


смс feet an hour and з h.p. engines. 

The purifiers should be proportionately larger than those for coal 
gas, say, I square foot per purifier per 1,000 cubic feet a day. Each 
purifier 700 x 1, or, say, 28 feet square, with 24 inch connections. 

The purifier shed to be 120 ft. x 60 ft. x 11 ft. to eaves, or 
7,200 square feet covered area. 


700,000 
2 


The metey capacity to be , Say, 30,000 cubic feet an 


hour. 
As to the relief holder, a common rule is one hour's make or a 


" 00,000 
little more = DM 


, Say, 35,000 cubic feet, say, single lift in 


steel tank, 50 ft. diameter x 18 ft. deep. 

Oil tank would be required for 6 to 8 weeks’ storage. A 
gallon of oil will enrich 350 to 500 cubic feet, depending on quality 
of coke and illuminating power of gas. Taking 420 feet per gallon 
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500,000 x 50 
420 
9,400 cubic feet. Therefore a tank 30 ft. diameter x 14 ft. deep 

will suffice. 


and 50 days’ normal supply, = 59,500 gallons = 


It is advisable to have a separate water gas tar well, as the tar 
contains a considerable quantity of water, even after settling in the 
500,000 

420 
which would be got 130 gallons of tar proper. 60 days’ storage 
= бо x 130 = 7,800 gallons = 1,250 cubic feet = 16 11. x 16 ft. 
x Sft. 


relief holder. Oil used per day = — 1,200 gallons, from 


Distributing Apparatus.—In regard to the distributing appara- 
tus, the mains and number of consumers depend on the class of 
town. For the present purpose assume a middle-class southern 
town with a fair residential population and industries of its own. 
From such a town (population, say, 75 to 80 thousand) about 
12,000 consumers might be expected if gas 1s sold at a low price. 
Allowing 5 per cent. or 20 millions a year for leakage, the sale of 
380 millions would be made up approximately as follows :— 
5,000 ordinary consumers at 40,000 cub. ft. per annum 200 millions 
7,000 prepayment consumers at 16,000 cub. ft. per ann. 112 


Large consumers, contract, industrial purposes ... 48 ,, 
Public lighting... $us ee т? m me 1200 >, 
Total ... ... . 380 millions 


This is on the assumption that a town of this size has electricity 
undertaking and that gas is used for a portion of the street light- 
ing. 

A prepayment consumer is usually given a gas cooker, three or 
four pendants or brackets, and his meter costs more than the 
ordinary type. 


An average length of mains for such a supply would be 70 to go 
miles, made up of pipes varying from 3 ins, to 24 ins. diameter 
The former size should be at a minimum, 4-inch mains cost very 
little more, and have double the carrying power. The length of 
mains is, of course, dependent on the density of population, dis- 
tance of works from centre of supply, etc. 
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Estimated Cost of Construction of Works and Equipment of 


Distributing Apparatus for а 400-million cubic feet per annum 


undertaking, as specified in Appendix I. 
(Note: All inclusive of Foundations.) 


Land, 6 acres at £800 

Draining, fencing and paving i ee we 

Retort house and coal store, 163 ft. x 114 ft. x 
42 ft. 6 ins. average on = 790,000 cubic feet 


capacity à | ses ws 
Retort bench, floorings and all accessories. 120 through 

retorts = 240 mouthpieces ... 5 - 5 
Breaker, pit, hopper, conveyer 165 ft. long, main, 


elevator 40 ft. centres, 35 tons an hour 

Two subsidiary pits and hoppers ; two subsidiary а 
about 36 ft. centres, 20 tons ап hour ; two overhead 
hoppers, 10 to 12 tons each ... pe ; 

Charging and discharging machine and b four 
tiers, and 4 to 5 ton hopper attached . 

Generating plant, 2, 50-55 h.p. gas engines ; 2, 35 ka w. 
dynamos ; switchboard, cabling, controls and all 
accessories 

Coke trucks, rails, etc. , 

Condensers, 1,200 feet (less 320 feet i in retort ise) 

Exhausters, two at 75,000 cubic feet an hour, with 
engines ; . 

Tower scrubbers, е. 40 ft. figs 16 ft. Аше 

Washer scrubber for 14 million cubic feet а day and 
engine | 

Pumps and engines for all [ purposes | "m 

Purifiers, set of four, 30 ft. x 30 ft. x 6 ft. dee 24 ins. 
connections complete with valves and lifting gear... 

Meter, 75,000 cubic feet an hour, 24 ins. connections ... 
Gasholders, one for à million cubic feet, and tank 
Gasholders, one for 1-million cubic feet, and tank 
Governors, one, 24 ins. ; one, 12 ins. ; and one 8 ins. 


86 GEORGE EVETTS ON 


Boilers, two Lancashire, 24 ft. x 6 ft. 6 ins., and 
mountings js 

Tar and liquor wells, TN сева 32 ; ft. X 34 ft X IO ft. 
deep, brick rendered ... ; “© 

Exhauster and engine house, 19,000 abi feet . 

Purifying shed to cover 9,750 square feet, steel (ramis: 
open corrugated iron roof — 

Meter and governor house, 19,600 cubic feet ... 

Boiler house and chimney . 

Generating house and tokens? lobby, fitted compiere: 
22,000 cubic feet Jis 9 ids 

Carburetted water gas plant. — Two sections of 400,000 
cubic feet a day, each complete with blowers, tur- 
bines, operating floor and pumps ... 

C.W.G. boilers (two), 24 ft. x 6 ft. 6 ins. diameter: 
seatings and mountings ы 

C.W.G. exhausters (two), at 25,000 cubic feet an ВИ 

Buildings for the above, 64,200 cubic feet 

C.W.G. purifiers, 28 ft. x 28 ft. x 6 ft., 24 ins, connec- 
tions, complete ... gne iss m 

Purifier shed for ditto to cover 7,200 square feet 

C. W.G. meter, 30,000 cubic feet an hour ... 

Relief holder, 35,000 cubic feet ... ' ; 

Oil tank, 60,000 gallons, 30 ft. diameter x 14 ft. p 

C.W.G. tar well, 7,800 gallons 

Sulphate plant and purifiers 

Building for ditto, 32,000 cubic feet, including jeadwod 

Manager's or foreman's house ya bos T 

Stores, workshops, offices, showrooms, test rooms, 
equipment, etc. ; 

Weighbridge, stokers’ tools, байо: В ісі and 
all appurtenances 


. Mains, connections and valves on the Words 


Engineering costs 


Total costs of works and equipment 


4,500 


500 
2,750 


81,230 
3:479 


£84,700 


rene 
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DISTRIBUTION. 
£ 


Mains, 75 miles (from 24 ins. diameter down to 3 ins. 


diameter) ж -— ы i js ... 46,000 
Services, for 5,000 ordinary consumers ... sis in 3,500 
Meters, 5,000 ordinary, including fixing ... Д5 35 8,000 
Stoves and cookers (ordinary), 1,500, including fixing ... 3,000 
Slot installations, including prepayment meters, services, 

cookers, and three fittings to each, 7,000  ... ... 20,000 

90,500 
Engineering charges m T € ils ae 2,800 
E 
Total ... м 252 ... 093,300 
SUMMARY. 
№ 
(est of works and equipment ies ба ies s 84,700 
Cost of distribution, mains and TIE DE oss 93,300 
Law and Parliamentary charges ... wth is € 5,000 


Total spent capital s Rs ... £ 183,000 


This total capital spent works out at £482 per million cubic feet 
per annum sold, and is a normal figure for such a works, where the 
money has been carefully and economically spent. 
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Discussion. 

Mr. H. O. Carr (Visitor), of the Wandsworth Gas Company, 
congratulated the author on his valuable and able paper. He 
thought the paper might be used as a book of reference to those 
who were designing, in part or in whole, a Gas Works, and 
would enable them to avoid many little pitfalls that might other- 
wise occur. The author throughout his paper insisted upon the 


' no doubt the author had in 


matter of economy. By “ economy ' 
his mind what Mr. Carr considered to be not false economy, but 
really true economy, i.e., that he thoroughly took into considera- 
tion capital outlay as well as the labour and cost, then amalga- 
mated the two and studied it in the light of the question as to 
whether or not it was true economy. 

The author had pointed out, with regard to small works, that 
one should be very careful not to crowd them with too much 
machinery. The capital might be overdone, and there would be 
no true economy or saving. 

With regard to retort benches, there seemed to be coming into 
vogue now a system, with regard to regenerative systems, of two 
retorts abreast in tiers of four or five instead of beds of retorts 
with three retorts abreast, and only about three tiers high. This 
of course produced a great deal more gas on a given area and 
was economical in many ways. 

With regard to retort houses of steel construction, a very 
strong house could be constructed without much more than keep- 
ing the weather out. 

With regard to stage floor systems in retort houses, Mr. Carr 
did not think there could be anything better than what was known 
as the gravity system of working, i.e, the coal was taken to a 
high level and then gravitated into retorts by machinery, the coke 
being pushed out and gravitated into trucks and the trucks taken 
away and emptied. This was much better than the coke falling 
into a lower level and having to be brought up again to a higher 
level. 

With regard to the question of cast iron plates with plain joints, 
a little red lead was good to use between the joints, and the 
placing of a strand or two of lead wire between the flanges and 
the bolts being drawn tightly together made a very sound job and 
was successful against the leakage of tar or other liquid. 


DESIGN AND CONSTRUCTION IN Gas WORKS. 89 


With regard to gasholders, the author had not pointed out 
the booster as an economiser of gasholder capacities. In these 
davs of higher gas pressures, when generally holders would not 
throw pressure enough throughout the district, practically the 
whole of the capacity was valuable, as by means of the booster 
the gas was withdrawn from the gasholder and the booster com- 
pressed it at a higher pressure into the district. 

The paper spoke well of the training Mr. Evetts had had in true 
Gas Works construction economy. 

Мк. T. А. Watson remarked that the paper referred to rein- 
forced concrete, with which he had had a little experience. The 
author said, ''If the principle of reinforced concrete be rigidly 
enforced—viz., that the steel reinforcement is to take the tension— 
itis clear that the amount of steelwork required would be as much 
as that necessary for an ordinary steel tank.’’ That was to say, 
the steel required in a reinforced concrete tank would be as much 
as for a steel-plate tank. He (Mr. Watson) would like to point 
out that in a steel-plate tank, the plates had to be lapped, and had 
tobe drilled or punched for rivet holes, and as the rivet holes had 
tobe at intervals of (say) 3 inches, there was an actual saving of 
metal to the amount of 37 per cent. by adopting reinforced concrete, 
cause the bars had no holes taken out of them, and the tensile 
ftinforcement took up the whole of the tensile stresses. Тһе 
author said the reinforced tank was not making much headway. 
It was quite true there were very few tanks of the depth of 40 feet 
so far built in England ; but a great number of storage tanks of 
a greater depth than 40 feet had been built in America and Canada. 
Tanks had, in fact, been constructed there up to a depth of 100 
feet, and 52 feet in diameter. He knew of a proposal in England 
ts build a tank to a height of 72 feet and 98 feet diameter ; and he 
hoped to have the pleasure of erecting it. The author had also 
referred to the difficulty of making tanks water-tight, and sug- 
gested rendering or puddling. Rendering was absolutely unneces- 
sary if the concrete was properly mixed and properly placed. He 
knew of two tanks, 36 feet up in the air, which were constructed 
wholly of concrete, without any rendering or any other material 
except concrete. They had no lining of any kind ; and yet they 
were absolutely bottle-tight. The placing of reinforcement in tank 
walls did not require a great deal of care. By putting verticals 
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at sufficient intervals, and tying the horizontal reinforcement to 
the vertical reinforcement, one could make certain of getting the 
proper spacing throughout the whole of the material. He should 
like to have the pleasure of constructing a reinforced tank for the 
author, as he was sure a large economy could be made on the 
steel tank. 

Mr. BERNARD Г. Вкомхе added his congratulations to those 
of Mr. Carr and the other speakers on the excellence of the paper. 
He was sorry the author had fired off so many rounds simultan- 
eously, because there was enough material in his paper to have 
made three very good ones, and long ones at that. He was afraid 
Mr. Evetts had given somewhat of a wrong impression in regard 
to the exchange of gas-works plant, which he lead them to under- 
stand was a matter of frequent occurrence among gas companies. 
It must not be supposed for a moment that such a circumstance 
was common for one gas engineer to go to another and say, “ Look 
here, I have a holder to ‘swop’; what have you to give in ex- 
change? " Few gas-works were built with second-hand plant ; 
and those that were, were not a great success. 

Mr. Lewis H. Rucc remarked that at Leigh-on-Sea they had 
constructed a reinforced concrete tank, 64 feet in diameter and 
30 feet in depth. In the position in which it was situated, it had 
a special advantage. Sea water was almost in contact with the 
tank ; and had it been of iron, it would probably have had to be 
covered with concrete to protect it. 

MR. W. T. Hocc remarked that the author's paper did not con- 
vey to those members who had never been inside a gas-works the 
exact nature of the processes that went on there. In fact, one had 
to live on a gas-works four or five years to be thoroughly versed 
in them. The author spoke of the gas being driven off from the 
retorts at a temperature of 1,400? Fahr., and those who were not 
acquainted with the subject might imagine that this was the temper- 
ature of the retorts, and, of course, it was a low figure. He also 
thought that for coke removal in the retort-house, the author 
might have shown, as modern practice, a coke-conveyor, instead 
of an antiquated truck. The author incidentally mentioned vertical 
and inclined retorts, but he (Mr. Hogg) considered he might have 
given the members, in a constructional paper, a little more informa- 
tion about the present position of vertical retorts, as he was sure 
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a description of the continuous method of carbonizing would have 
afforded a better impression of the economical canbonizing opera- 
tions carried on in gas-works. In the reference to carburetted 
water-gas plant, the author remarked that '' the purifiers should 
be proportionally larger than those for coal gas—say, 1 square 
foot per purifier per 1,000 cubic feet a day." At the works where 
he (the speaker) was engaged, they had ''a little fun" with 
13 square foot per 1,000 cubic feet. 


Mr. TaPLIN (Member), in thanking the author for his very 
excellent paper, wished to express his special appreciation 
of the costs data accompanying it. It was very difficult for an 
engineer, especially a young one, to obtain reliable data of costs, 
as the authors of papers seemed to think the work itself of sufficient 
interest, entirely neglecting the fact that costs, which really meant 
the amount of work done for a given result, was the ultimate basis 
of all engineering, and it was very refreshing to come across what 
was practically a new departure in engineering papers. It was as 
well to keep in mind the famous words of an American engineer, 
“An engineer is a man who can do for one dollar what a fool 
an do for two." 


Mr. FRANK JONES (Visitor) asked if Mr. Hogg would give him 
the name of and some figures with reference to the coke con- 
ог mentioned, as to the amount of coke it had dealt with, and 
the total money spent on repairs and renewals, its original approxi- 
mate cost, etc. He personally did not think coke trucks were anti- 
quated, and knew many works where they gave excellent results 
ata low cost. He knew of coke conveyors which had been almost 
renewed from end to end in one year. Generally speaking, his 
experience did*not lead him to recommend such machinery except 
inthe largest works. 

In reply to some remarks of Mr. Jones, Mr. Hogg said that the 
conveyor was West's ; but, off-hand, he could not give the costs. 
He would, however, do so, if his chief gave him permission. The 
conveyor had worked, practically without any trouble, the last 
three years. During that time, he daresay that probably 150,000 
tons of coal had been carbonized in the house. It had worked 
absolutely to satisfaction ; such little trouble as there has been 
having been due only to trifling mechanical details. 
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Author's Reply to Discussion. 

Mr. EvkETTS, in the course of his reply to the discussion, said 
he had been very gratified by the kind words of everybody who 
had commented on the paper. Mr. Carr had referred to the use of 
boosters, and said that he omitted to mention them. It was not 
entirely so. Early in the paper he said: ‘‘ In modern distribution, 
by the use of boosters for long-distance transmission, the diameter, 
and therefore the costs, of trunk mains may be reduced." This 
showed that he had not altogether omitted the question of boosters, 
though he freely admitted that the particular aspect of their use 
to which Mr. Carr drew attention—the reduction of storage, or the 
cost of storage—had not occurred to him. Mr. Watson called him 
to task for his disapproval of reinforced concrete gasholder tanks. 
He (Mr. Evetts) thought Mr. Watson was rather doubtful about 
the precise use of gasholder tanks. They were for holding water 
only ; and therefore Mr. Watson's experience of water-tanks would 
be of the right kind for tanks that would be neccessary for gas- 
holders. But in regard to steel tanks, Mr. Watson mentioned 37 
per cent. extra weight for lapping and riveting. It was found by 
close estimating that the whole of the rivets and the laps in a steel- 
plate tank amounted to only 73 to 124 per cent.—at the very out- 
side, or an average of 10 per cent. When he spoke in the paper of 
reinforced concrete tanks, he should have said that '' the steel work 
required would be as much as that necessary for a steel tank, less 
10 per cent." That he took account of the difference in cost was 
shown clearly by the remark: “ Although this reinforcement costs 
less in price per ton than the riveted tank work, the difference in 
cost is more than balanced by the cost of the concrete. 
experience was that reinforced concrete was dearer ,than steel tank 
work. He had many comparative costs ; and he had never yet 
found that they could get such a good job from reinforced con- 
crete as from a steel tank, given equal costs. Mr. Watson also 
mentioned the question of safety with reinforced concrete ; and he 
referred to the fact that he (Mr. Evetts) suggested puddling or 
rendering the tanks. This was a thing that was actually done to 
keep gasholder tanks water-tight. Looking back over the past 
forty or fifty years, nearly all gasholder tanks that had been built 
of brick had been puddled, or if of concrete rendered. The author 
quoted briefly the results of some experiments made by the New 


3) 


His own 


DESIGN AND CONSTRUCTION IN Gas Works. 93 


York City Water Board in 1907 on a reinforced concrete cylinder 
of high-grade concrete, showing the considerable leakage under 
various heads, and how the leakage was reduced by applying grout 
when under tension, and pointing out that the Board now limited 
the working tension in the reinforcement.) Therefore, he thought 
that he was justified in his attitude towards reinforced concrete 
gasholder tanks. Taking cost for cost, he should never choose 
a reinforced concrete tank in place of a steel one. Mr. Browne 
spoke of the use of second-hand plant in gas-works ; and he said 
it was not a common thing for one gas engineer to go to another and 
say that he had a piece of plant that he wanted to ‘‘ swop.” The 
engineer did not say “ swop,” he said ‘‘ sell." And the sale of 
plant that had become too small at one works to a works of less 
magnitude was a thing that was going on, if not every day, at 
least every week. Mr. Hogg had mentioned coke conveyors ; and 
Mr. Jones had asked for details. He hoped that Mr. Hogg would 
supply them. The last-named gentleman also referred to vertical 
retorts. He (Mr. Evetts) had not overlooked either vertical or 
inclined retorts ; but he had said that he had had no direct experi- 
«ce of them, and so he would not enter into them in detail. The 
"rious works with which he was connected all had good working 
sults under the horizontal system. There was no doubt the 
пка] retort was the thing of the moment ; but he did not feel 
ибей in talking about a subject of which he did not know much. 
There was no doubt, however, that the remarkable results recently 
obtained from horizontal retorts with stoking machinery had had 
the effect of retarding the progress of vertical retorts in this country. 
As to water-gas purifiers, Mr. Hogg said that, at the works where 
he was engaged, they had '' a little fun ’’ with 1/8 square foot per 
1,000 cubic feet of water gas per day. He (Mr. Evetts) had no 
doubt that they had. 
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STARTING PLATFORM. 

SURVEYING IN The Central Paraguay Railway Co., Ltd., are 
PARAQUAY. having a survey made for a line connecting 
Asuncion, the capital of Paraguay, with Villa-Encarnacion, the 
southern port of the country on the river Parana. This distance 
is about 300 kilometres, and the line will be standard 
gauge, so as to connect with the Entre Rios lines to 
reach Buenos Ayres, that system being just completed by the 
most northery part having reached Posadas, which is on the 
southern or Argentine bank of the Parana, opposite Villa- 
Encarnacion, and being operated by the North-East Argentine 
Railway. Passengers will be conveyed across the river by ferry 
and the journey from Asuncion to Buenos Ayres will be effected 
in less than 48 hours. Communication up to recently has been 
maintained by a system of river steamers, the journey up stream 

occupying seven days. 

The company has recently acquired all new English rolling stock 
being of the same standard as the main Argentine British-owned 
lines, the old stock, to say the least of it, was antediluvian. 

Starting from Borja, a station on the main line near Villa Rica, 
the writer walked over with compass and arrived at the Eastern 
limit of Paraguay on the Panana river, opposite the mouth of the 
Rio Iguazu, between Argentina and Brazil. This river here 
divides these two countries and here also the extension of the San 
Paulo and Rio Grande Railway from the Atlantic will come out. 
About 18 kilometres from the mouth of the Rio Iguazu are the 
famous falls, the main fall being over 90 m. in height. There are 
also many minor falls, and the views to be obtained are most 
picturesque. These falls are visited by tourists, who all agree that 
they far surpass Niagara in beauty, though the volume of water of 
the latter fall is greater. The falls contain sufficient force to supply 
electricity to a great part of the Argentine, though the distance to 
transmit same would be great. The President of Argentina was 
expected up there this month, together with the Minister of Public 
Works, so perhaps something may be done to utilise this great 
natural force. It was calculated that the distance walked was 250 
kilometres in the 26 days the journey took, using mules to trans- 
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port the impedimenta which was light. The forest is very thick 
and makes surveying an arduous process, in many places taking 
an hour to advance a kilometre. In returning again over land, tak- 
ing a Slightly different route, it was estimated that the distance 
travelled was over 400 kilometres in the nine weeks. The pre- 
liminary survey is being made and a '' picada,” or line through the 
forest 14 metres wide, has always to be cut before the transit can 
be used. The forest is well supplied with good hardwood trees, 
cedar being one of the most numerous. The Paraguayans are 
good workmen and a hard people, being expert with the axe and 
machete. The country is very healthy and fertile, though handi- 
capped continually by political troubles. 
W. A. BRADLEY. 


OBSERVATIONS 
IN GENERAL. 


Мг. J. J. Lassen’s paper on ‘‘ Modern Methods of Water Soften- 
ing ’’ is unavoidably held over till next month. 


ж + ж ж ж ж 


Considerable attention is being paid to the rapid depletion of 
the world’s timber supplies. All engineers know that any serious 
shortage in the supply of timber would have a paralysing effect 
upon many classes of engineering work where a plentiful and 
cheap supply of timber is a necessity. 


* ж ж ж * ж 


Professor Somerville, іп a paper read before the British Associa- 
tion, drew the world’s attention to the tremendous inroads that 
are being made in the timber resources of the world, and to the 
almost utter neglect of replanting, upon anything like an adequate 
scale, to replace the depletion. 


* ж + * % * 


This depletion is hardly on all fours with the depletion of coal. 
A shortage of timber is imminent—a scarcity of coal is remote. 
Moreover, coal cannot be renewed by any known process, but the 
timber supplies can be, if afforestation is taken up on a large scale 
by this and other Governments. 
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One order alone, placed some little time ago by a firm of York- 
shire contractors for pitch-pine, in connection with a large con- 
tract they had in hand for the Corporation of Leeds, had the effect 
of raising the prices very considerably throughout the country. 


* * ж ж * ж 


The shortness of the supply сап be gauged by this fact alone. 


* * ж ж ж ж 


As it takes many years for even quick-growing timber to reach 
maturity, the urgency of the question of afforestation is obvious. 


* ж ж ж ж ж 


The price of timber has increased over 25 per cent. during the 
past fifteen years. The United States is at the present time con- 
suming nearly as much timber as she can grow, there is a falling off 
in the supplies to this country from Canada, Sweden, and the 
United States, and yet our requirements go on increasing. 


з * * ж ж + 


In the four years, 1889-1898, the average value of the timber 
imported was £18,000,000. Last year our imports of timber were 
valued at over £29,000,000, whereas our own native supplies are 
valued at only £3,000,000 annually. 


x ж ж ж ж * 


It will thus be seen how useless our own supplies would be in 
face of a general shortage or failure of foreign supplies, and such 
a failure is not beyond the range of possibility in the course of a 
few years. This wholesale forest clearing can have but one effect, 
and that is even now being felt in the increased price that has had 
to be paid for timber of late years. 

* * Жж ж * * 


The Royal Commission on Coast Erosion and Afforestation put 
the area of waste land suitable for timber growing in the United 
Kingdom at nine million acres. 


* * * * * ж 


At present rather more than three million acres in this country 
are occupied by woods, yielding, as has been stated, about 
£3,000,000 worth of timber, slow growing chiefly, but if rapid 
growing timber were planted on a large scale upon the whole of 
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the nine million acres of what is now waste land, according to the 
suitability of the various classes of rapid-growing trees to the 
climate and situation, and slow-growing and other timber in the 
three million acres were renewed as fast as cut, there would, in 
years to come, be a valuable addition made to the nation’s assets, 
one from which, in due time, a large revenue would be derived, 
sufficient to more than repay the original outlay. 


* * * * * * 


In the meantime timber cannot fail to become scarcer and there- 
fore dearer. 


PERSONAL NOTES | 
OF MEMBERS. 


Percy BaLr has obtained a post as designer in the Tool Department 
of Messrs. Ransomes, Sim and Jefferies, of Ipswich ; Carlton 
Villa, 92 Foxhall Road, Ipswich. 

W. M. H. BALLANTYNE is now in charge of the instrument relays, 
&c., at the Generating and Sub-Stations of the Penma Water 
and Power Company, Holtwood, Pa. ; Box H 6, Holtwood Post 
Office, Pa., U.S.A. 

Е. W. Berk has been appointed chief draughtsman to Messrs. 
Thwaites Bros., Ltd., of Bradford; 29 Ambleside Avenue, 
Duckworth Lane, Bradford. 

H. J. Coventry has entered the services, as draughtsman, of 
Messrs. R. Hoe and Company, Printing Press Builders, of 
Borough Road, S.E. 

CHas. E. FosrkR calls attention to mistake in his telephone number 
as given in the List of Members ; it should be 26, not 36. 

GILBERT J. HARTLEY, in a letter, dated 6th November, written from 
Buenos Aires, writes: ‘‘Last June we finished the Cruz to 
Dalmacis Velez railway extension, some 108 miles of track, with 
nine stations, the work having taken two years. I am now busy 
on a short section of the doubling of the line between Buenos 
Aires and Rosario. The section is only 25 miles long, and work 
has advanced so well that I hope to run home for a three months? 
holiday in January " ; c/o Hume Hermanos, 472 Lavalle, Buenos 
Aires. 

WILLIAM HENDgRSON has taken up the position of draughtsman at 
the ‘‘ Daily Telegraph” Paper Mills, Dartford, Kent. 

L. MARSHALL )оскві. has accepted an appointment as shift engineer 
with the Cleveland and Durham Electric Power, Ltd., of 
Middlesbrough ; c/o Wilson, 61 Grange Road East, Middles- 
brough. 
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W. Е. мых, D.Sc., is giving a Paper before the Institution of Civil 
Engineers of Ireland on ‘‘ The Elastic Limits and Strength ot 
Materials," on December 6th. 


Е. E. MunRRELL has been transferred from the London Office of the 
Worthington Pump Company to their Calcutta Office ; 10 Clive 
Street, Calcutta. 


R. H. Parsons has resigned his connection with Messrs. Peter 
Brotherhood, Ltd., of Peterborough. 


ApoLPH Н. Ries has been transferred to the Ipswich Works of the 
Great Eastern Railway Locomotive Department. 


W. W. SiNcLAIR has been appointed superintendent of workshops, 
Public Works Department, Zanzibar. 


A. CLIFFORD SwALes has been presented by his colleagues іп the 
Leeds City Engineers' Department, on the occasion of his taking 
up his duties as Secretary of the Institution, with an inscribed 
silver Westminster chime clock; and also by the Yorkshire 
Association of the Institution of Civil Engineers, on his retirement 
from the Hon. Secretaryship, with an illuminated book and a 
mahogany canteen of silver. 


J. M. THORNTON, of Bishop Street, Uitenhage, Cape Colony, having 
retired, has returned to England; 56 Cambridge Road, 
Gunnersbury, W. 


Jas. WALLis left England on the 23rd November for the Argentine ; 
clo Port Argentine Construction Co., Ltd., Port Argentine, 
Argentina. 


A. H. WESTON is now with Messrs. Petters Ltd., 63 Queen Victoria 
Street, E.C. 


FRIDAY EVENINGS. 
Gas Works Constraction. 


On Friday, 3rd. November, Mr. Evetts enlarged on a number 
of points which, owing to lack of time, had to be treated very 
shortly when the Paper was originally given, more especially 
With reference to the bracing of the retort settings to prevent 
cracking of brickwork, the uses of refractory material and special 
bricks, such as Ewell and silica work in the portions of the settings 
subject to the most intense heat, and the construction of the retorts 
themselves. 


He also explained in fuller detail the working of inclined retort 
settings, where the retorts are set at the angle of slope of the coal, 
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and with the aid of Mr. Hogg, went more fully into the working of 
vertical retorts and the advantages claimed for them. 

Types of retort-charging machines were briefly discussed, as 
well as the general principle of a machine-charged house. 

One or two details of purifiers and cast-iron work generally, in 
gasworks, were brought forward. 

Gasholders were treated more fully than at the previous meeting, 
more particularly with regard to the incidence and distribution of 
stresses, the precautions taken to meet these stresses, and the 
different methods adopted in the vertically guided and spirally- 
guided types. 

Steel tanks were also discussed more in detail and more particularly 
comparing them with reinforced concrete tanks. Mr. Evetts pointed 
out that he did not at the meeting quite appreciate Mr. Watson’s 
point on the lapping and riveting of the plates. In steel tanks 
none of the thicker plates have an efficiency as low as 65 per cent. 
as indicated by Mr. Watson. The efficiency is nearly 85 per cent. 

Mr. Evetts’ attraction for the steel tank was its absolute safety. 
It must be remembered that there is very little room for getting 
into gasholder tanks and finding the cause of leakage as well as 
being able to remedy them when found, particularly as the holder 
cannot well be done without during the process of making water- 
tight. 

The fact that in the New York City Water Board Tests referred 
to in the original discussion, the steel reinforcement had only 
reached a tension of 1,100 Ibs. to the square inch when the tank 
was leaky, rather nullifies the advantage claimed by Mr. Watson 
that the amount of steel reinforcement can be made so much less, 
owing to the fact that we have no riveted joint efficiency to take 
into account. ' 

The fact that reinforced concrete tanks had failed, was sufficient 
to make a gas engineer refrain from using them unless he saw any 
great advantage to be gained from them in the matter of cost, and 
the author's opinion of them is that they are not so cheap. 

The method of supporting gasholders when empty was more 
fully treated, as well as various points in connection with the testing 
of the holders and the tanks. 


REFRIGERATION. IOI 


The Manufacture of Electric Glow Lamps. 

Mr. C. Beaven gave the first of a series of three lecturettes on 
Friday, rst December, and the process was described as far as the 
carbonized filament, including a list of raw materials used in 
making the complete lamps. Specimens in various stages of com- 
pletion were shown. 

Briefly, the process is as follows: Cotton wool is dissolved in 
chloride of zinc to about the consistency and appearance of golden 
syrup. The solution is filtered and forced by compressed air 
through nozzles of suitable size into vessels containing alcohol, the 
effect of which is to harden the cellulose threads thus obtained. 
After a bath of hydrochloric acid the thread is washed in running 
water for several hours. It is then wound on drums to dry. When 
dry, the cellulose thread is wound on carbon-formers which give it 
the shape required for the lamp filament. 

The carbon-formers are packed in plumbago crucibles, the spaces 
between the formers is filled in with powdered graphite to exclude 
at. The crucibles are then sealed down and placed in gas-fired 
Шштасев where they are raised by slow increments to a temperature 
(€ about 1,700? C. After cooling, the carbonized filaments are 
removed from the formers. 

Their further treatment will be dealt with on December 29th 
next. 


Refrigeration. 

On Friday, roth November, Мг. Н. Newton took “ Refrigeration” 
ashis topic. He said that the first refrigerating machines, invented 
about 50 years ago, were those known as the absorption type. 
Such a machine consists of a vessel containing a liquid which will 
rapidly absorb water vapour, usually sulphuric acid, connected to 
another vessel containing water. A vacuum being produced by 
means of an air pump,the water vapour is rapidly absolved by the 
acid. The pump being only required to remove any air. Evapora- 
tion of the water soon causes its temperature to fall below freezing 
point and ice is formed. 

A small domestic machine of this type, kindly lent by Mr. Bourne, 
was shown in action. Ice being quickly produced from boiling 
water. 
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Refrigeration and ice-making on a large scale is now almost 
entirely done by vapour compression machines, using Anhydrous 
Ammonia, Carbonic Acid, and for some purposes Sulphurous Acid. 

The method employed in using NH,, CO,, or SO, is to allow 
the liquid (condensed gas) to evaporate at a suitable pressure to 
give the required temperature, to pump the vapour so formed, 
compress and condense it again to а liquid. The process being a 
continuous one and a reversal of the steam engine cycle. 

All condensible gases would theoretically give the same refrigera* 
tive effect for equal amount of work done in compression, but 
practical difficulties causing inefficiency have excluded all but those 
mentioned. 

CO, machines are becoming universally employed on shipboard, 
as ammonia, although giving better results in coal consumption, 
is an extremely pungent gas, and having a great affinity for copper 
or copper alloys necessitates steel condenser tubes—two very great 
objections for marine use. 

One of the most modern uses for refrigeration is the employment 
of machines for abstracting moisture from the blast in iron smelt- 
ing furnaces. The blowing engine suction is either drawn through 
brine at about 159 F. or over a large surface of tubes in which 
liquid ammonia is evaporating. Water contained in the air is thus 
taken up by the cold brine, or remains as frost on the evaporator 
tubes. 

This method of drying air has been used for other purposes for 
years in this country, but the first application for iron furnaces 
was made and patented in America. Our iron masters always 
recognised that “ There was nothing like dry frost for iron making,” 
but had never thought of producing their own frost. This can now 
be done for less than one penny per ton of iron, making a saving in 
summer-time of 20 per cent. of fuel and an increase of 20 to 25 per 
cent. of iron output, or an all-round saving of from 4s. to 5s. per 
ton of iron produced. 
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“THE MODEL ENGINEER” EXHIBITION. 

The First Visit of the thirty-first session took place on Friday 
evening, 13th October, 1911, to “Тһе Model Engineer ’’ Small 
Power Engineering and Scientific Exhibition, at the Royal Horti- 
cultural Hall, Vincent Square, Westminster, by the kind invitation 
of Mr. Percival Marshall, A.I.Mech.E. (Past Chairman of the 
Institution). 

The exhibition comprised small power engineering appliances, 
lathes, machine tools, electrical apparatus, models, technical 
education equipment, motor cycles, aviation models, and scientific 
models of all kinds. A loan collection of high-class models was 
on view and scientific lectures and demonstrations were given. 
A section of the exhibition, organised by the Aero-Models Associa- 
ton (Automobile Association Motor Union), was devoted to model 
aeroplanes. 


TOTTENHAM and EDMONTON GAS LIGHT and COKE 
COMPANY. 


The Second Visit of the thirty-first session was held on 
Saturday afternoon, 18th November, to the works of the Totten- 
ham and Edmonton Gas Light and Coke Co. Under the guidance 
ofthe Engineer, Mr. A. E. Broadberry, Assoc.M.Inst.C.E., 
asisted by members of the staff, the party was shown through 
the two retort-houses, where they saw the Fiddes-Aldridge stoking 
machine and the De Brouwer projectors and pushers, and the 
hot-coke conveyors. A setting of vertical retorts is on order, and 
when complete the total capacity of No. 1 house will be 3 million 
cubic feet per day. That of No. 2 house is 32 millions. The water- 
gas plant, consisting of three sets, equal to a total production of 
Я milliom cubic feet, was also inspected. Some interesting par- 
iculars were furnished in regard to the growth of the output since 
Mr. Broadberry obtained chief control of the works in 1899. In 
that year, it was rather more than 5754 million cubic feet ; whereas 
last year it was about 1,0872 millions, and it is confidently ex- 
pected that this year it will be at least 1,770 millions. At the con- 
dusion of the visit, the members were entertained at tea ; and the 
Chairman (Mr. Walter T. Dunn) expressed their appreciation of 
all that had been done to render the occasion so interesting and 
enjoyable. Mr. Broadberry responded. 
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DESCRIPTION OF EXHIBITS AT THE CONVERSAZIONE 
ON NOVEMBER 4TH, 1911. 


Messrs. Вавсоск AND WiLcox, LIMITED, showed a model of 
their patent water-tube land boiler, which boiler is constructed of 
wrought steel, and is composed of a number of sections, each 
consisting of several tubes, expanded at each end into stagyered 
headers, or '' uptakes ” and '' downtakes..’’ 

The headers are provided with handholes, placed opposite the 
end of each tube, to permit of the cleaning, or, in case of need, the 
removal of a tube, each handhole being provided with a cap, 
fastened with a wrought-steel bolt and clamp, and a cap nut. 

The top ends of each section are connected to a steam and water 
drum of ample capacity, the sections are inclined, and at their 
lowest point are each joined to a mud drum. 

The boiler is fitted with the usual mountings, comprising main 
steam stop valve, safety valve, feed valve, blow-off valve, water 
gauges, and steam-pressure gauge. 

The entire boiler, with the exception of the furnace, is suspended 
by wrought-iron slings from iron girders resting on wrought-iron 
columns, so that the boiler can expand or contract without any © 
strain being thrown on the brickwork. 

The boiler and furnace are enclosed in masonry lined with fire- 
brick, the furnace being arranged below the tubes, and firebrick 
baffles compel the hot gases to pass upwards, then downwards, 
then upwards again, before escaping to the chimney. 

The damper for regulating the draught and flow of the gases 
is placed in the back chamber, whilst doors for cleaning the tubes 
and removing soot are placed on one side of the brickwork. 

The principal elements in the construction of the boiler are essen- 
tially comprised of three parts, each connected with the other, and 
in each of which the process of steam raising is separately carried 


on. А 
Ist. А Series of Inclined Water Tubes over the furnace, 


in which the water, being divided into small volumes, is 
quickly raised to a high temperature, and rises through verti- 
cal connecting boxes or headers at the front end into— 
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2nd. A Horizontal Steam and Water Drum, where the 
steam separates from the water. The water remaining returns 
through the vertical tubes at the back into the inclined water 
tubes, where it is subjected to the action of the fire, and again 
passes into the steam and water drum; thus a continuous and 
rapid circulation is kept up, and a uniform temperature main-. 
tained throughout the boiler. 


3rd. А Mud Collector, attached to the lowest point of the 
inclined water tubes, into which any matter held in suspension 
is, to a large extent, precipitated, by reason of its greater 
specific gravity, during the passage of the water through the 
vertical tubes and rear headers. 


These boilers are made for working pressures up to 500 lbs. per 
square inch. 


Tug Вавсоск & Wircox PATENT STEAM SUPERHEATER consists. 
Ф a number of solid-drawn steel tubes, bent into a U form, and 
expanded at each end into wrought-steel boxes or manifolds, 


The steam from the boiler, entering the upper manifold box, 
divides amongst the U tubes, and during its passage through them 
becomes superheated, or raised to a higher temperature than previ- 
ously, the pressure remaining unaltered. 


The use of superheated steam ensures а saving of some ten to. 
ften per cent. in the steam consumption of even a modern highly 
economical engine ; whilst, with older and more wasteful engines, 
the saving is considerably greater—thus the importance of the 
subject is self-evident. | | 


When steam is being raised from a cold boiler an arrangement 
is provided for flooding the superheater. This consists of a con- 
nection with the water space of the boiler and two cocks. Ву 
opening the larger of these, water is admitted to the superheater, 
and fills it to the boiler water-level. Any steam formed whilst the 
superheater is flooded is returned to the boiler drum. When steam 
Is raised to working pressure, and before opening out the boiler on 
to the steam range, the large cock is closed and the small one 
opened, and the water flooding the superheater is then drained' 
away, a sight glass being provided to show when the draining: 
is completed. 


106 CONVERSAZIONE. 


Messrs. BASSETT-LOWKE, LTD., model manufacturers of Lon- 
don and Northampton, sent a very interesting exhibit of some of 
their 11-16 in. scale, 31 ins. gauge model railways. The exhibit con- 
sisted of a scale model L. N. W.R. '' Experiment," complete in 
every detail, even to the cab fittings. The model, however, was 
arranged for driving by electricity, the motor being one of their 
registered circular ‘‘ Lowke’’ motors with automatic reverser, 
and constructed on similar lines to the small models they have 
made for railway companies for different exhibitions. The rolling 
stock consisted of a L.N.W. dining car, sleeping car, first and 
third corridor coach, and passenger brake van. 

The stand showed a section of their new construction for perma- 
nent way for garden railways, recently described in the pages of 
the ‘‘ Model Engineer.” 

They also had on view a scale model diver's helmet, complete 
in all details. 


Mr. CHARLES BEAVEN exhibited a collection of 18 carbon fila- 
ment electric lamps of historical interest, illustrating the evolution - 
of electric lamps from 1879 to the present date, and also two models 
of spring wheels for motor cars, fitted with india-rubber tyres ` 
and curved flat steel spokes. | 


Messrs. EVERETT, Ерссомве & Co. had on view a watertight | 
ammeter, which is an instrument intended for installation on board 
ship, in dockyards, collieries and other mines, and, in fact, in all | 
situations where it is likely to be exposed to severe climatic condi- - 
tions. The great advantage of these instruments is that the water- | 
tightness is equally secure after the glass front of the instrument 
has been broken as before such an accident has occurred. A special ` 
feature is made by Messrs. Everett, Edgcumbe & Co., of their- 
alternating relays, which are of two types : (1) Induction overload 
pattern, with inverse time limits and reverse relays, in which, 
although a pressure winding is provided, the makers claim that 
its only function is to determine the direction of flow of the current 
and not the magnitude of the overload required to nip the breaker 
which it controls. The same firm's ‘‘ Leakage Indicators ” proved 
of particular interest, in view of the recommendations of the 
Departmental Committee on the Use of Electricity in Mines. One 
was a three-phase high tension combined leakage indicator in 
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earthed metal case and the other a somewhat analogous instru- 
ment, the function of which is to show whether the mains or bus- 
bars are alive or not. Messrs. Everett, Edgcumbe & Co. also 
showed Tachometers, Tachographs, Photometers and Fault 
Localisers. 

Mn. C. E. НЕАТН sent two microscopes: The Original “ Model 
Engineer ’’ Microscope and the Prize Microscope in the last 
'* Model Engineer " Exhibition. The objects shown were of a varied 
and interesting character and subjects were put through as desired. 
Dark ground and oblique illuminations were used as was best 
suited to effectively display each subject at its best. 

Mr. К. KRALL secured the loan from The Patent Castings Syndi- 
cate, Limited, of some specimens of their Die Castings. The 
remarkable feature of these castings is that they require no machin- 
ing, and at the same time are accurate to one-thousandth of an 
inch. They are made in various special white metal alloys, having 
different properties as required to suit the function of the piece. 
The dies are somewhat costly and consequently the process is 
only suitable for repetition work, but when a few hundred of one 
pece are required the die is soon paid for and considerable economy 
effected, besides which absolute interchangeability is secured. 
Many of the members may remember having seen these at the 
Engineering Exhibition at Olympia in 1910 and at the Electrical 
Exhibition this year, where they created a great deal of interest. 

MONSIEUR HENRI JULLIOT procured photographs of the ‘‘ Morn- 
ing Post” dirigible balloon for us, which balloon belongs to the 
type known as ''semi-rigid." The essential parts of the 
** dirigible ’’ are :— ; 

(1) The gas bag or envelope. 

(2) The fixed and movable planes. 
(3) The car. 

(4) The suspension or hanging gear. 
(5) The motors. 

(6) The propellers. 

(7) Various accessories. 

The envelope is 108 metres (337 ft. 10 ins.) in length, 12.02 
metres (39 ft. 54 ins.) in diameter, and has a cubic capacity of about 

10,000 metres (358,165.8 cubic feet). In the bows it tapers to a 
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sharp point, and is egg-shaped at the stem. It is composed of panels 
of waterproof canvas, consisting of two tissues of cotton and two 
layers of vulcanised india-rubber, superposed alternately, these 
panels being glued and sewn together. 

The gas bag is filled with hydrogen gas, with a lifting force of 
1,175 grammes to the cubic metre. 


Messrs C. A. Parsons & Co. exhibited a Brass Model Turbine 
Dynamo, a 7,500 k.w. Turbine Alternator: which was a wooden: 
model of a large machine such as is used for big power stations 
and railways. It has a single cylinder and is of the Parsons’ Stan- 
dard Reaction Type. The alternator is designed for voltages up 
to 10,000, and has a stationary armature and revolving field mag- 
net at about 750 revs. per min. 

The Parsons’ Turbine Blading received a considerable amount 
of attention, as did also the Parsons’ Parabolic Mirror, which is 
used for searchlights in the Army and Navy. It consists of glass 
free from all bubbles, carefully ground and polished and coated 
with mercury ; for protection against total breakage by gun shot 
the mirror is backed with wire netting. 

The Parsons’ Split Mirror is used on vessels going through the 
Suez Canal, where a bright light in the centre of the canal is for- 
bidden, only the buoys at the sides may be lighted ; this has previ- 
ously been done by complicated shutters and lenses which are 
moreover costly ; the Parsons’ mirror is split in the middle and 
worked by a small handle; this controls the beam from a con- 
centrated beam on one side, to a complete beam and finally a spilt 
beam. 

Messrs J. А. PRESTWICH & Co. sent a 35 h.p. Eight Cylinder 
J.A.P. Aeroplane Engine, bore 85 m/m, stroke 95 m/m. Іп this 
engine the valves are placed in the head of the cylinder and are 
all mechanically operated: the crankshaft is hollow throughout 
of nickel chrome steel, running in five hand-scrapped white metal 
bearings. The crankshaft is of nickel chrome steel with hardened 
cams, the cams being cammed thereto. The connecting rods are 
of nickel chrome steel, and run on ball bearings at the big ends, 
eliminating all lubrication difficulties. The carburettor is the 
].А.Р. patent: ignition by special Bosch magneto. The cylinders, 
pistons and rings are all ground to limits of .00025. The crank 
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case is of aluminium, divided into four separate compartments. 
It is specially ribbed and provided with oil pockets for lubrication. 
The thrust of the propeller is taken by ball bearing thrust washers. 


Messrs. PRESTWICH also had on exhibition two J.A.P. Cycle 
Engines, 6 h.p., bore 76 m/m, stroke 85 m/m ; 8 h.p., bore 85 m/m, 
stroke 85 m/m. These engines are identical with the exception 
of the difference in the size of the cylinders. Both are twin cylinder 
engines. The cylinders are cast in one piece, and provided with 
screwed caps for removing the valves. The valves are of nickel 
steel 14 ins. diameter, all mechanically operated. The tappet rods 
are provided with dust caps. The valve gear is all of hardened 
steel: the gears, as in all their engines, being outside, are marked 
for resetting. Their usual arrangement of vacuum valve and stan- 
dard contact breaker are fitted. The spindles are of hardened 
steel, ground to gauge and run in phosphor bronze bushes. The 
crank pin has a large bearing surface. 

The Prestwich Patent No. 5 Camera, as used by the leading 
Пт makers throughout the world, and as supplied for use in the 
Arctic and Antarctic Exhibitions was also on view. The film boxes 
are contained inside the case, and have a capacity of 350 ft. of 
fim. Тһе intermittent movement to the film is given by a patent 
caw movement, which is very simple and extremely accurate. А 
focussing tube is provided to enable the operator to focus from 
the rear of the instrument. A counter is fitted for indicating the 
number of feet passed through the machine. This may be turned 
in either direction, or may be inverted when desired for taking 
trick subjects. Any number of pictures up to 60 per second can 
be exposed. 


Messrs. ARTHUR Ross, Нотснкіѕѕ & Co., Lro., showed some 
working models, made for observing the movements of water 
when boiler is at work, each being fitted with observation windows 
or built largely of special glass. 

Lancashire boiler, 30 ft. by 8 ft., to 1 in. scale; working 
pressure 50 Ibs. per sq. in. 

Lancashire boiler, mainly glass. 

Locomotive boiler, mainly glass ; scale 14 ins. to 1 ft. 

Babcock and Willcox boiler, scale 1 in. 

Marine boiler, scale 1 in. 
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Also working model boiler and engine made by Mr. William 
Hooper, of Hayle, Cornwall, 75 years ago, a piece of work of 
exceptional skill and finish (lent by Mr. George Read, Hammer- 
smith). 

A number of photographs were lent by Mr. Н. HUBERT THORNE, 
with the permission of Messrs. THE POWER Рі.Ахт, Co., LTD., 
of Temple Bar House, Fleet Street, and West Drayton, Middle- 
sex, illustrating recent progress in manufacture and variety in 
application of their patent Double Helical Gearing, with staggered 
teeth hobbed from solid blanks. The various photographs lent 
had been specially chosen with a view to depicting these gears 
as actually fitted to a few of the many different classes of machinery 
involving the use of a power transmitting and speed reducing agent 
possessing the properties of steady running, freedom from vibra- 
tion and high efhciency, even when the power to be transmitted 
is large, the velocities high, or ratios of reduction considerable. 


Amongst the exhibits of Messrs. VickERS, LIMITED, was the 
new Vickers’ Automatic Gun and Adjustable Tripod Mounting. 


This gun is an improved Maxim type and weighs only 28 lbs. It 
fires automatically at the rate of about 500 rounds per minute, using 
the service rifle ammunition, the barrel being kept cool by a water- 
jacket. 

The adjustable tripod mounting is constructed so that it can 
be raised or lowered to suit any height of protection and in such 
a manner that the angle at which the gun is laid does not alter. 
The weight of the mounting is 45 lbs. 


" There were also models showing the well-known system of 
breech mechanism for large naval guns ; also a model of a 6-inch 
naval gun and mounting, as well as a model of a modern field gun. 
An interesting exhibit exemplifying the high grade- workman- 
ship for which the Wolseley Co. are famous was one of their 16/20 
h.p. engines in full length section. This engine has а bore 51 ins., 
with a stroke of 42 ins. The cutting showed very clearly the system 
of lubrication adopted in the Wolseley engine, which is a com- 
bination of forced and gravity feed. A pump of the rotary type, 
also sectioned, draws the oil from the base cast in the form of a 
double pump forming a reservoir and delivers it by branch feed 
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pipes to all the moving parts, whence it returns through a strainer 
to its original source. 

Amongst other exhibits from Messrs. Vickers, Limited, which 
attracted considerable attention, was the new metal ‘‘ Duralumin,"' 
a remarkable aluminium alloy, which has at last solved the prob- 
lem of combining lightness of weight with high tensile resistance ; 
its density is 2.8, with a maximum tensile resistance of 40 tons 
per square inch. The metal is non-magnetic and it little affected 
by atmospheric influences, sea or fresh water. It is susceptible 
of taking a polish equal to nickel plating. The samples exhibited, 
which included bars, tubes, screws, rivets, angles, channels, 
cartridge cases, etc., were much admired. 

The now well-known adjustable ‘‘ Timken " Taper Roller 
Bearings were also shown by Messrs. Vickers, Limited, together 
with a change-speed gear fitted with same; the new bearing 
dispenses with the use of thrust bearings as it withstands the end- 
thrust as well as the load, besides being adjustable and taking 
up wear. 

THe WELDLEss Cuains, Ltp. (through Mr. W. Н. SHEPHARD), 
exhibited specimens showing the various steps in the manufacture 

of weldless steel chain in continuous lengths from mild steel 
bar of cruciform section, this chain being of approximately double 
the strength of Admiralty requirements. 

Specimens of open-link and steel-link weldless steel chain. 

Examples of weldless steel main line wagon couplings, colliery 
tub couplings, tramway brake chains. 

А $ in. single sling with hook at one end and ring at the other ; 
entirely free from welds. 

Plate clamp for lifting plate on edge and dogs for lifting plates 
on the flat, both of which give a positive grip automatically when 
taking the load. 

Chain adjustors for shortening, joining or adjusting the length 
of slings and chains. 

Rope sling shields for protecting endless rope slings at the points 
where they are most likely to chafe in use. 

Strathern's weldless steel swivels made from two solid drop 
forgings. 

Photographs and illustrations of general interest. 
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MODERN TELEPHONE APPARATUS. 
ALBERT S. B. FLETCHER, А.М.1.Месь.Е. (Member). 


Part I.—APPARATUS. 

In introducting the above subject, it is not intended to submit 
any theories or designs, or to describe actual manufacturing 
methods in the production of the thousands of parts which go to 
make up our modern telephone apparatus. 

It is merely intended to give a very brief survey of types of 
apparatus used, and its history while in progress in the manu- 
facturing departments, so as to convey to the reader the rapid 
strides which have been made in the science of the electro mag- 
netic transmission of sounds since the year 1876, when Graham 
Bell invented the electro magnetic telephone, and it is this form 
of telephone, with modifications, of course, which is in use at 
the present day. 

It consists of a permanent bar magnet with a coil of thin wire 
wound on one pole. In front of this pole a thin diaphragm of soft 
iron is placed, fixed all round the edge and free to vibrate in the 
centre. 

Sound waves strike against this diaphragm, causing it to bulge 
in and out, thus varying the lines of force cutting through the coil 
of wire. 

In consequence of the vibration thus caused, fluctuating 
currents are induced in the coil and flow over the lines and through 
the coil of another telephone, the diaphragm of which faithfully 
copies the movements of the diaphragm which originally received 
the sound waves. 

These simple instruments are, of course, interchangeable as 
either receiver or transmitter, but this type is now used as a 
receiver only. 

The most important modification of the receiver was the intro- 
duction of a double pole permanent magnet with a coil on each 
pole piece. 

Receivers have been made up in a great variety of forms, but 
in the majority of cases the principle on which their working 
depends is the same as the elementary principles before described. 
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In the early days of telephony, the electro magnetic telephone 
was used both as transmitter and receiver, but was found to be 
very inefficient. 

In 1878 Hughes invented the microphone, the earliest arrange- 
ment of which consisted of a rod of carbon resting loosely between 
two carbon blocks, fastened to a diaphragm of wood. By con- 
necting the carbon blocks to an electro magnetic receiver through 
a battery, the slightest sound made near the wood diaphragm would 
be produced in the receiver. 

Modern telephone work for anything above a very short distance 
necessitates the use of induction coils, also repeating coils and 
retardation coils, both in themselves a type of induction coil, relays 
and condensers. | 

The type used consists of an iron core made of a bundle of iron 
wires, with a few layers of thick wire of low resistance, and a 
larger number of layers of secondary and finer wire of a much 
higher resistance. 

The induction coil is rendered necessary so that the resistance 
of the complete transmitter circuit should be kept as low as 
possible, in order that the variations in resistance of the trans- 
mitter should be in substantial ratio to the resistance of the other 
part of the circuit. 

The repeating coil is similar to an induction coil, but with two 
equal windings, each being connected to a telephone circuit, and 
thus obtaining a close inductive association, while the retardation 
coil is also a type of induction coil, being a single coil of wire 
wound on an iron core in such a manner as to acquire self-induction 
to a high degree, when employed on alternating currents. 

Relavs, however, come under a different heading, and are pieces 
of apparatus which alternately open and close a local circuit by 
means of movements produced by the impulses of current received, 
as, when a subscriber removes the receiver, this completes the 
circuit, brings the battery into action, and opens relay. 

They are used in telephone work for controlling signal circuits 
and various other purposes, on subscribers’ circuits, junction lines 
and cord circuits of the switchboard. 

The '' line and cut off ’’ relays are mounted in pairs, and usually 
in strips of ten, on metal plates, each strip being fitted with a 
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cover protecting the relay from dust or disturbance. The “‘ line ”’ 
relay in subscribers' line circuit is a calling relay, whereas the 
'* cut off " relay is used by the exchange operator only. 

Other relays, such as those used on cord connecting circuits, 
exchange observations and testing circuits, are mounted on metal 
strips also, in sufficient numbers to meet requirements, but usually 
each is fitted with a separate dust cover. 

Repeating coils are also mounted so, sometimes on racks, and 
sometimes on the switchboard itself. 

Fuse boards also, carrying the protector fuses (herein described) 
are a necessary adjunct to a complete equipment. 

The upper portion of the repeater racks is arranged to take the 
condensers (before referred to) in connection with the cord and 
junction circuits. 

Another rack, which is always placed in the apparatus room, is 
the message register or meter rack. 

These meters are constructed on much the same principle as 
the Veeder cyclometer, the ratchet being, however, operated by 
an electro magnet instead of mechanically. 

The name of this piece of apparatus conveys its purpose, which 
is to register the total number of calls made by each subscriber. 

In addition to the necessary speaking apparatus, a telephone 
instrument must be provided with means for signalling, which can 
be divided into three main classes. 

l. Battery signalling by means of a Battery fixed at the Instru- 
ment.—This method is chiefly used at the present day for short 
distance working, such as inter-communication. With this form 
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of signalling press button and spring are generally used to close 
the ringing circuit and the ordinary pattern trembling bells. Figs. 
l and 2 represent the type of instrument used in connection with 
this system. The wall pattern is shown open in Fig. 3, exposing 
the equipment which is mounted on the hinged door. 

2. Signalling by means of а Magneto Machine fixed іп the 
Instrument.—Fig. 4 represents the latest type magneto generator, 
with four magnets. Fig. 5 shows a magneto desk set, with this 
generator fitted, making a very convenient office equipment. 


9. Battery Signalling by means of a Common or Central Battery 
at an Exchange.—This basis of the modern common battery 
system is that patented by A. C. White in America in 1890. This 
has been developed by the Western Electric Company (by whose 
kind permission the accompanying illustrations are published), and, 
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as in well known, is the system in vogue in all the great exchanges 
under the auspices of the General Post Office and the National 
Telephone Company, Limited, and also all the most up-to-date 
telephone exchanges in Great Britian. In the descriptions here 
given, the methods followed and the apparatus manufactured by 
the Western Electric Company are dealt with, although there are 
many other arrangements in use of more or less importance. 

The general appearance of instruments of the standard G.P.O. 
pattern, used for subscribers, is shown in Figs. 6 and 7. 


Fig. 7. 
2 v" Г Standard G.P.O. 


Fig. 
Standard G.P.O. 
The method of operating is as follows :— 
When the subscriber lifts the receiver off the hook the circuit 


is completed and the calling lamp glows—Fig. 8 (lamp cap), 
Fig. 8a (lamp socket strip)—giving the signal to the operator. 
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The call having been made the operator inserts the answering 
plug (Fig. 9) in the answering jack (Fig. 10), corresponding with 
the lamp alight, which opens the circuit through the line relay, and 
so puts out the calling lamp automatically. Putting over the com- 
bined speaking and ringing key to the speaking position, the 
operator then takes the call from the subscriber. 


Fig. 10 


Having ascertained if the line wanted is disengaged, she inserts 
the calling plug into the jack, pushes over the combined key to 
the ringing position, thus sending an alternating current over the 
calling cord to the subscribers’ line. The operator then brings key 
back to through position and connection is completed. (Fig. 11) 
Ringing and listening key used with private exchange switch- 
boards. (Fig. 12) Ringing and listening key used with central 
battery multiple switchboards. 


м 7, — r 
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Fig. 11. 
One or two types of switchboards are illustrated іп Figs. 18, 14, 
15, 16. 
Fig. 13.—A private central battery exchange employing lamp 
signals as described. The wiring for all lines is brought to a 


connecting rack, in the roof of the section where screw terminals 
are provided to facilitate making connections to the outside wiring. 
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Special provision is made in these boards for bringing in the 
outside wiring, rings being provided down the side of the section. 
Fig. 14 shows a multiple board for private exchange purposes on 
the same system up to 800 lines. Fig. 15—an ordinary pattern 
central battery private branch exchange wall type. Fig. 16 illu- 
strates a central battery cordless switchboard, using special type 
keys instead of the cord and plug as described. 

Protector fuses (Fig. 17) are used for the protection of telephone 
apparatus against foreign electrical currents, which might cause 
damage by fire or injury to users by electrical shock, also damage 
to insulation by over-heating caused by the protracted flow of 
currents above the normal pressure in the circuit. 


Strip of Protectors. 


This may be brought about in several ways, viz., by lightning 
discharges, by contact with a power and lighting circuit, or small 
"sneak ’’ currents caused by leakage from power, lighting, or 
other circuits. 


Patent 
Self-soldering 
— Protector. . 
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Part II.—MANUFACTURE. 

Having given a description of the principle apparatus used in 
connection with modern telephony, a brief record of its progress 
through the shops will no doubt interest one and all who are 
in the habit of daily using their instruments in offices and homes. 

The illustrations convey only the impression of the finished and 
assembled work, and only actual and practical demonstration on 
the spot can make one appreciate the thousands of parts, and the 
hundreds of thousands of operations daily going on in the manu- 
facturing shops alone. 

A noticeable feature in the manufacture is the almost total 
absence of castings. It is a question if there is any other class 
of small manufactured apparatus where the products of the foundry 
are so little in evidence. 

Most of the larger parts of apparatus, such as instrument stems, 
bases, plates, bells, receivers, etc., originate in the power press 
department, as well as hundreds of other parts shaped from sheet 
metal. The well-known receiver is a particularly interesting part 
in its development from the sheet, passing through a series of 
simple operations which only a few years ago would have excited 
the wonder of many, and yet now are produced in their thousands 
by machine operators of only a few months' training. 

It may safely be stated that the majority of the first operations 
in the formation of telephone parts are carried out on the power 
presses and screw-making machines, both of which are, of course, 
kept as distinct departments. 

Milling machines originate also a great quantity of parts, and a 
huge drilling shop is kept supplied with endless work by the other 
departments. 

lhese four workshops are the principal shops engaged in the 
manufacture of the apparatus, or '' piece parts. Other depart- 
ments which come under this heading being metal finishing, where 
artistic finishes of all descriptions are applied—electro-nickel and 
copper-plating, china bronze, oxydizing, lacquer and zinc finish, 
and non-chipping enamel or japan (this latter being the finish 
applied to the well-known receiver before referred to, and it has 
a particularly handsome appearance, resembling as it does, polished 


ebony). 
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Wood working, box finishing, and wood polishing, coil winding 
and the partial assembly shops in which last two departments such 
parts as spools, coils for relays, etc., and a number of others are 
assembled prior to being passed on to the final assembly shops for 
their respective apparatus. Girls are employed both in winding 
and testing these coils, the winders being motor driven. The resis- 
tance of the finished coil is tested against a standardized coil by 
means of simple Wheatstone bridges. 

It may well be understood that such a vast amount of output 
makes heavy demands on the administrative staff of a factory, and 
to cope with this problem a special department covering factory 
output is run under an expert organizer. Much has been said and 
written about systems, but it may be safely stated that each par- 
ticular class of business needs its own particular system or adaption 
thereof, and here, more that anywhere, the vast organization 

would become absolute chaos and ruin without its recognized 
routines which govern every employee—operators, charge hands, 
foremen, inspectors and departmental heads alike. 

A notable feature is a system of inter-departmental service, 
which, while the departments are of a necessity separated, and 
under separate foremen, the material being worked flows backward 
and forward from shop to shop as different operations demand, 
every tray of work having its destination, quantity, operation, 
etc, clearly indicated against it. 

À porterage system, coupled with receiving rooms in connection 
with each shop, makes this transfer of parts from department to 
department a simple process, keeping each shop stocked with work 
to be done, and getting finished work into store, yet keeping all 
gangways clear of obstruction in the shape of accumulated trucks 
and trays of work. 

Each order on the shops is covered in such a way that its pro- 
gress can be traced at any stage. This output department has its 
branches extending everywhere, and is actually responsible for 
the output from the shops, leaving foremen free to give their 
expert experience to studying and maintaining their shop efficiency. 

Every switchboard, every piece of apparatus has its follower up, 
in fact, not a single screw is left to look after itself, but is automati- 
cally cared for by a system which makes the flow of parts towards 
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the apparatus benches as natural as the flow of water down hill— 
without the slightest friction or confusion. 

Shop capacities and values are known, both in number of parts 
and in number of operations. 

Ouput of parts is asked for covering this capacity, and it is 
simply a matter of calculation to know how long a certain order 
will be in progress in the factory. 

Parts are ordered in sufficient numbers and sufficiently in advance 
of the calculated finished date, simultaneously from the various 
shops producing them, and each shop is given the time limit allowed 
for manufacture. The same routine is applied to assembly depart- 
ments, and the result is a clock-like production, which can be com- 
pared only to the time tables issued by railway companies, where 
everything is carried out against a scheduled time limit. 

Passing on to the assembly workshops, necessarily an important 
department, all of the assembly work is done by trained assemblers, 
the majority of whom have specially designed tools and fixtures for 
the class of apparatus on which they are engaged, every piece of 
which is tested when fitted up, quite independent of the check tests 
afterwards applied by the inspection department. 

Nothing is too small or too big—every switchboard, large or 
small, is erected complete in the shops. 

Bearing in mind the delicacy of all apparatus in connection with 
telephony, it will at once be obvious that the quality of the parts 
manufactured and the apparatus assembled, must be of necessity 
faultless, and to cover this, as a vast insurance against faulty pro- 
duction which would otherwise be sure to creep in, an inspection 
department exists, in this, as in most other engineering works pro- 
ducing repetition work on anything like a large scale. 

Minute and exacting, sparing no one from the biggest firm of 
suppliers of raw material to the humblest operator, checking and 
counter checking, a tiny screw as important as a complicated 
assembly, day and night the scrutiny goes on. 

The inspectors themselves are unable, even if they would, to 
show favour to any particular class of work and “ oblige " by 
passing tbrough work which is not absolute accurate. A little 
further on a '' check ” inspector will pull him up short, for at 
every operation this department steps in to check the quality of 
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the work until the finished product is complete and has been passed, 
its sole duty being to see that no defect of material or workman- 
ship shall escape notice at any stage of the operations. 

It is important to note that as well as the inspection section re- 
ferred to, there is a staff of engineers of methods and expert tool 
designers continually devising means of simplifying manufacturing 
methods, but here again the inspector steps in, and the new tool 
and even a repaired old one is not allowed to be used on actual 
production until it has passed his exacting tests. 

On each “ floor ’’ of machines, or in each department, is what 
is called a “ floor ’’ or ‘‘ process ” inspector, whose duty it is to 
inspect the first few parts produced by every machine after being 
set up for a new job. This inspection over, the operator is allowed 
to start, and the history of the telephone begins. 

Finally, an engineering inspection department thoroughly over- 
hauls completed apparatus before it is transferred to the shipping 
department, by applying tests too numerous to specify in detail, 
but sufficient to say that every instrument is subject to more rigor- 
ous tnals than ever it will get at the hands of a subscriber, so that 
the manufacturers know that nothing leaves the factory unless 
it 15 perfect in every detail. 
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Head Receiver. 
Used by Switchboard 
Operators. 


Breast Transmitter. 
Used suspended round the neck by 
Switchboard Operators. 


“Unit” type 
Magneto 
Switchboard. 
Built on the 
“© extending 
bookcase ” 
principle. 


Standard type Magneto 
System Switchboard. 
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FROM THE 


January, 1912. 
STARTING PLATFORM. 


ROADS. Since the development of motor traffic, and more 
especially the commercial heavy lorry type, the question of roads 
has again come to the front, after having remained in a more or 
less comatose state, while its rivals, the railways, tramways, etc., 
have predominantly held the attention of the civil engineer. 

But now the road has indeed regained its old importance, and, 
as things now stand, the road seems destined to have again that 
same great function in the expansion of commerce and industry, 
the creative factors of civilization, which it possessed іп the 
earlier periods of the active development of modern life. 

The requirements for a good road are many, and the difficulties 
to be overcome are both great and numerous. These difficulties 
and problems not only interest the civil engineer, but the 

mechanical engineer too. The civil engineer, while seeing to the 
alignment and the constructional details, looks to the mechanical 
eagineer to supply him with the means to give effect to his 
design. The difficulties and problems, overcome or suggested, 
are then again subjected to the non-technical section of the popu- 
lation, who never err in the length of their complaints when 
expressing’ their dissatisfaction of the results of the work done. 
It will thus be seen that everybody has an interest in the road. 

That this country appreciates the importance of roads in the 
future development of the requirements to assist in the keen com- 
petition of modern commerce, is shown by the Development 
Commission, with its Road Board Section, granting moneys for 
the construction and maintenance of the highways ; and that the 
world appreciates the importance of roads in the future develop- 
ment of international intercourse, is shown by the formation of 
a Permanent International Association of Road Congresses, 
which is supported by all civilised countries. 

The Permanent International Association of Road Congresses 
was formed after the first Road Congress held in Paris in 1908. 
Since that date a second Congress, under the auspices of the 
Association, was held in 1910 in Brussels, during the Exhibition 
at that city; and now by invitation and financial support our 
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Government has called a meeting of the Congress to London for 
the year 1913. 


The Chairman of the Local Organizing Committee* is Sir 
George Gibb, LL.B., who is supported by Lord Montagu of 


Beaulieu, M.P., Mr. W. Joynson Hicks, M.P., and Mr. F. H. 
Berryman. The Congress is to meet in the last week of June, 
1918, in the Queen's Hall. 

It is a meeting that not only our technical institutions should 
support the Association in, but one in which individual members 
should also take an active interest. Therefore it is time that the 
Juniors bestirred themselves in order to prepare to participate in 
the meetings, so that they may profit from the knowledge of the 
world's experience in road-making and road-maintaining, placed 
so easily within their reach. АП branches of the profession are 
interested in this vital question, and so we, as Juniors, must be 
to the front to learn wisdom and forethought from progress made 
at home and abroad, in order that we may develop it in the 
various ways we are called on to do, in the different countries to 
which we may wander. 

Е. К. DuRHaAM, A.M. Inst.C. E. 


OBSERVATIONS 
IN GENERAL. 


The “ Notes and Queries ” Section of the ‘‘ Journal ’’ is being 
revived with the current issue, and Members who may have some 
difficulty in their work or may wish for information upon some 
engineering subject are invited to write to the Secretary, and their 
queries will be answered, when possible, in the following issue of 
the “ Journal.” 

* * * + + ж 

Іп a climate such as ours, water, іп some form ог other, is the 
chief enemy to be dreaded by the engineer. 

* * * * + + 

Earthworks, masonry, steel, and timber, all more or less suffer 
from it, and it is of the utmost importance that proper arrange- 
ments should in all cases be made for getting rid of its excess. 


*Offices of the Local Organising Committee are at Queen Anne’s Chambers, 
Broadway, Westminster, London, S.W. 
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We are careful about our retaining and other walls ; providing 
them with copings, which we weather and throat, we point the 
face, and we drain the back by means of dry-backing and weep 
holes or through drains ; and in buildings provide a damp course 
to prevent moisture rising by capillary attraction from beneath. 

% ж ж ж ж ж 

And yet, notwithstanding this protection above, below, before 
and behind, we are not always successful, and are often tempted 
to pay an extra 5s. per cubic yard for cement instead of lime 
mortar. Weep holes get choked, birds build in the drains from 
our viaduct spandrils if we do not keep them out by roses of 
copper wire. Our throated coping drips on the inclined face of 


the retaining wall, and in time destroys the pointing. 
* + + * * * 


If we do not dowel our coping joints, wet penetrates through 
these weak points to the wall itself, vegetation gets hold, or wet 
gets to the clay in contact with our work and makes it swell and 
push our work out of plumb, or dust and dirt collect and harbour 
moisture, and at last one learns the lesson that in this climate 
really permanent construction is hardly to be attained, and that 
nothing but care bestowed from time to time will preserve even 


our brickwork and masonry in an efficient condition. 
ж ж ж + ж ж 


If care be necessary for works in brick, stone, and earth, how 
much more is this the case when we come to steel structures. 
Indeed, an engineer knowing something of maintenance will avoid 
steel and iron as far as possible, and it is only hard necessity, 
such as considerations of headway or the risk of colliery work- 


ings, which compels him to use them as frequently as he does. 
* ж ж ж ж ж 


If a bridge can be built in brick or stone, by all means so build 
it, even though its first cost be a good deal more than that of one 
in steel, unless economy in first cost be a paramount consideration, 
which it sometimes is, or the foundations are such that a light 


structure is essential. 
* * * ж ж ж 


With timber structures the case is similar. One always looks 
for decay at the point where the timber enters the ground, and 
where it is not always wet, as it may be well below ground, or 
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usually dry, as it is above ; but where it is partly wet and partly 
dry, or when inclined struts or rakers join the verticals, forming 
a rentrant angle which forms a receptacle for wet, and hinders 
the free circulation of air, and allows the wet to get into the 
tenons. 
* ж ж ж ж ж 
Free circulation of air and accessibility for inspection аге of 
great importance, and are often neglected. In this country a 
girder bridge is not considered complete unless the girder ends 
are masked by a brick or stone pilaster with a neat cap, and built 
close up to the steel work. It is generally found that the girders 
have suffered much more behind these pilasters than elsewhere. 
* ж * * * ж 
Air has access to them, but they cannot be properly reached 
for painting and cleaning. Dust collects, it gets wet, and there 
being no free circulation of air, it remains wet, and the progress 
of rust is very rapid. 
* * * ж + ж 
Surely the American method of omitting such pilasters is more 
sensible. They are really only '' survivals ’’ from masonry bridge 
practice, and are quite useless, and the eye will quickly become 
accustomed to their omission. Without them there is nothing to 
prevent the free access of air, nothing to hinder cleaning and 
painting, and the structure is more wholesome and will last 
better. 


PERSONAL NOTES 
OF MEMBERS. 


M. W. Hayes is now in British East Africa, in the Sadastral Branch 
of the Survey Department, Nairobi. 

J. B. KNow es has been madea Fellow of the Surveyors’ Institution. 

ALWYNE МЕАРЕ has recently been elected an Associate Member of 
the Institution of Civil Engineers. 

M. B. NorMAN returns on the roth January to Ceylon; c/o Messrs. 
Walker Sons and Co., Ltd., Colombo. 

J. L. WHEELER is now in the Drawing Office of the Indented Bar 
Company, Queen Anne’s Chambers, Westminster, S. W. 


НАкого E. Yarrow has recently been elected an Associate Member 
of the Institution of Civil Engineers. 
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SARJEANT, Суки. JOHN; 46 Manor Road, Rugby; and The British 
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SINCLAIR, CHARLES LEONARD; c/o H. E. Jones, Esq., Palace 
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Номт, С. J., 14 Thorburn Square, Bermondsey, 5.Е. 

SPEAKMAN, J., The Haven, Casewick Road, West Norwood, S.E. 
WAUTHIER, A. C., 206 Marety Street West, West Toronto, Canada. 
WESTMORELAND, C. H., 10 Linden Grove, Linthorpe, Middlesbrough. 
Уоомс, W. E., 6 Stuart Avenue, Scotstoun, Glasgow. 


NOTES AND QUERIES. 


METROPOLITAN RAILWAY CARRIAGES. 


К. W. Fenninc (Member).—Can any member give the reasons for— 


(а) Boring a 114-іпсі hole in the carriage axles of the 
Metropolitan Railway  carriages — average outside 


diameter of axle about 64 inches. 


(5) Putting a non-metallic packing round the taper bolts of a 


solid flange coupling. 


MODERN METHODS OF WATER SOFTENING. 


The Second Meeting of the thirty-first session was held 
at the Institution of Electrical Engineers, Victoria Embankment, 
on Tuesday, 28th November, 1911, Mr. Walter T. Dunn (Chair- 
man) taking the chair at 8 p.m., the attendance being 53. 

The minutes of the previous meeting having been read, con- 
firmed and signed, the following elections to the Institution were 


announced :— 


President; 
Commendatore G. Marconi, LL.D. 


Hon. Members: 
Thomas Glover ni 
Professor Bertram Hopkinson 
Wilfrid Stokes ... "T 


Members : 
Reginald B. Atkinson 
Sydney Ernest Barron 
Frederick William Berk 
Henry Etherington 
Cleland Fairbrother ... 
Thomas Campbell Gray 
James Walter Hogg ... 
Peter Burd Jagger | 
George John Ketteringham... 


London. 


Norwich. 
Cambridge. 
Westminster. 


Manchester. 
Notting Hill. 
Bradford. 
Brondesbury. 
Tufnell Park. 
Maida Vale. 
Newcastle-on-Tyne. 
Maida Vale. 
Waltham Cross. 
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Benjamin Livingstone > xs 
James George William Lowe 

James Aratoon Malcolm oes 
Stanley Charles Mills 

George Langlands Morty 

Frederick Edmund Murrell ... 
Arthur Raymond Pettit 

John Thomson wee де 
Arnold Leslie Vickridge sais - 


Associates. 


Thomas Lancelot Brownhill... 

Leslie Spencer Compton 

Ernest Griffin.. i 

Harry Reginald Leyvester Eiberinetón 
Reginald le Mare : 
Paul Legras 

Ulric Owen 

Stephen John Stanbrook 

William Wellesley Weaver ... 

Arthur Horace Weston 
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Baku, Russia. 
Thornton Heath. 
Russell Square. 
Clapham Common. 
Streatham. 
Calcutta. 

Upper Tooting. 
Motherwell. 
Sydenham. 


Dudley, Worcs. 

East Dulwich. 
Wandsworth Common. 
Willesden Green. 
Purley. 

London. 

West Hampstead. 
Stoke Newington. 
Forest Hill. 
Wandsworth Common. 


Trans ferred from Associate to Member. 


David Colville Anderson 
Lawrence Hilton Hopkins ... 
Ralph Lionel Sarjeant 
William Wimhurst Stewart... 


Forest Gate. 
Peterborough. 
Upper Tooting. 
South Tottenham. 


Mr. J. J. Lassen, of London, read his paper on “ Modern 
Methods of Water Softening."' 


Moved from the chair, a vote of thanks was passed by acclama- 
tion to the author for his paper, and a discussion followed, in 
which Messrs. William Paterson, F. D. G. Napier, Chas. Erith, 
and Ernest P. Hollis took part. 


The author having replied, the proceedings terminated with the 
announcement of the ensuing visit to H.M.S. '' Thunderer,’’ at 
Dagenham, on 2nd December, and meeting on Wednesday, 13th 
December, when Major H. B. Strange, R.A. (retired), would 
deliver a lecture on “ Steel Specifications considered Commer-. 


cially.” 
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STEEL SPECIFICATIONS CONSIDERED 
COMMERCIALLY. 


The Third Meeting of the thirty-first session was held at 
the Institution of Electrical Engineers, Victoria Embankment, on 
Wednesday, 18th December, 1911, Mr. Walter T. Dunn (Chair- 
man) taking the chair at 8 p.m., the attendance being 35. 

The minutes of the previous meeting were read, confirmed and 
signed. 

А lecture on '' Steel Specifications considered Commercially ” 
was then delivered by Major H. B. Strange, R.A. (retired), of 
Sheffield. 

Mr. Dunbar Kilburn proposed that a very hearty vote of thanks 
be accorded to Major Strange for his valuable lecture, and 
remarked that it seemed to him that the members of the Institution 
were once again fortunate in having presented to them a paper 
which he thought must certainly attract considerable attention. 
He was sure that Major Strange had come to the right people to 
put forward his plea for closer co-operation between the engineer 
and the steel manufacturer. If the members of the Institution took 
the lecturer’s remarks to heart, they could, in many instances, use 
some influence now, while many others would certainly in the 
future be in positions where they could themselves act, so that 
Major Strange’s suggestions would be followed, and the results 
indicated by him obtained. Major Strange was an exceedingly 
busy man, and the fact that he had nevertheless devoted time to 
preparing and reading this lecture must not be lost sight of in 
expressing thcir appreciation of his kindness, which, seconded by 
Mr. F. C. Fairholme, was carried unanimously. 

The lecturer having replied, the proceedings terminated with 
the announcement of the ensuing visit on the 20th December to 
the factory of Messrs. Otto Monsted, Ltd., at Southall, and of 
the inaugural meeting on 5th January, when Commendatore G. 
Marconi, D.Sc., LL.D., would give his presidential address on 
'' Engineering Considerations in Wireless Telegraphy.’’ 
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BIRMINGHAM LOCAL SECTION. 

A visit took place on Saturday, November 25th, 1911, to the 
Saltley Gas Works of the Birmingham Corporation Gas Depart- 
ment, at 3 p.m., the attendance being 15. 

The party was met by Mr. Johns, the Resident Superintendent, 
who most lucidly explained all the details connected with the 
Saltley Section. The party then crossed under the Midland 
Railway line, and were met by Mr. Brooks, the Resident Superin- 
tendent of the Nechells Section. In this portion is situated the 
Water Gas Plant, which was explained most thoroughly. Tea 
was provided at the conclusion of the visit, after which Mr. M. 
R. Parker (local Vice-Chairman) proposed a vote of thanks, 
expressing the indebtedness of the party to Messrs. Johns and 
Brooks for the way they had been entertained, which was 
seconded by Mr. Garnet Wernham and carried. Messrs. 
Johns and Brooks suitably replied, and the party dispersed. 


The Second Meeting oí the Fifth Session was held on 
Tuesday, November 28th, 1911, at the Great Western Hotel, 
Brmingham, the chair being taken at 8.15 p.m. by Mr. M. R. 
Parker (local Vice-Chairman). 

After the Minutes of the previous meeting had been read, con- 
firmed and signed, Mr. Parker read Mr. J. J. Lessen’s paper on 
" Modern Methods of Water Softening.” 

A hearty vote of thanks was proposed by Mr. E. W. Dorring- 
ton and seconded by Mr. R. P. Mears, and carried unanimously. 

The meeting closed with the announcement of the next meeting 
on Wednesday, December 138th, 1911. 
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MODERN METHODS OF WATER SOFTENING. 
By J. J. LASSEN (Member). 


a 


Read 28th November, 1911. 


The advantages to be derived by the treatment of water used 
for boiler feed purposes, and the disastrous and sometimes danger- 
ous results arising from the use of hard water, or corrosive water, 
render it unnecessary for any apology to be offered for bringing the 
subject once more before the members of the Institution. 

No doubt the majority of my audience to-night are well 
acquainted with the practical side of the question, and in order 
to place before you the very latest developments of science in this 
branch of engineering, the author trusts the reader will bear with 
him in case he should appear to go too much into detail in some 
parts of his paper. 

An engineer is often called upon to choose between two sources 
of supply for boiler feed purposes, and such choice is undoubtedly 
governed primarily by the cost of obtaining the water, compared 
with the ultimate advantages to be gained ; for instance, in a large 
manufacting centre two waters may be available, viz., that sup- 
plied by the Local Authorities, and that obtained from a well, canal 
or river situate in, or near the works. Which of the two is the 
cheaper to use must be determined by comparing the cost (say, per 
1,000 gallons) of the Local Authorities’ supply with the expense 
of obtaining and maintaining the natural supply, plus their respec- 
tive costs of treatment. 

In order to do this it is necessary that a chemical analysis of the 
two waters be made, and the nature of their constituents ascer- 
tained. By a chemical analysis it is not meant the estimation 
of the free and albuminoid ammonia, oxygen absorbed, etc. ; these 
estimations are very useful and absolutely necessary when examin- 
ing a water for potable uses, but for boiler feed purposes a complete 
determination of the mineral constituents is essential. 

To make my case perfectly clear, it may be an advantage to dis- 
cuss briefly the chemical nature of a crude water supply. 

Water, as we learnt when schoolboys, is a chemical compound 
of hydrogen and oxygen, but this ideal state of things does not exist 
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outside the laboratory and our chemical textbooks. The water 
which a modern engineer is called upon to feed into his boilers 
is a very different article altogether to the H2O of our class-room 
days. 

The water of our text-books on its way down to the earth, in 
the form of rain, absorbs carbon di-oxide from the air, and this 
imparts to it the property of dissolving and holding in solution, 
various salts which it meets with, in its passage through the soil; 
the most important, from our point of view to-night, being those 
of calcium and magnesium. 

By virtue of the dissolved carbon di-oxide, water has the power 
° of transforming the insoluble carbonates of calcium and magnesium 
into soluble bi-carbonates, and these, together with the sulphates, 
chlorides and nitrates of the same elements, go to form the mineral 
constituents of our natural water, of course in conjunction with the 
sulphate, chloride, etc., of sodium. 

The dissolved salts of calcium and magnesium render a water 
unit for boiler use, and the object of water softening is to turn the 

soluble salts into insoluble ones by precipitation, and thus render 
their removal by filtration an easy matter. These dissolved salts 
also impart to a water the power of destroying soap, and when we 
speak of the '' hardness of a water ”” we refer to this soap-destroy- 
ing property. The standard of hardness as used in England is that 
know as the '' Clark '' degree (after the name of its inventor) and 
the term 1? of hardness, signifies that each gallon of water con- 
tains 1 grain of calcium carbonate or its equivalent of the other salts 
of the alkaline earths. 

The hardness of a water may be divided into two classes: 

1. That due to the carbonates of lime and magnesia. 
2. That due to the sulphates, chlorides and nitrates of lime 
and magnesia. 

The first of these divisions constitutes what is known as the 
'" temporary " hardness, so called, owing to the fact that the 
greater part of it may be removed by simply boiling the water; 
this operation driving off the carbon di-oxide and precipitating the 
soluble bi-carbonate in the form of insoluble carbonates ; but 
simply boiling the water will not remove the whole of the tem- 
porary hardness, as carbonate of magnesia is per se soluble to 
Some extent. 
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The second division constitutes what is known as the '' per- 
manent ” hardness, and this cannot be removed by boiling. 


Having thus briefly outlined my subject, we will now discuss the 
action of various salts of calcium and magnesium on the interior 
of a boiler, and ascertain how they can best be eliminated. 


Carbonate of calcium occurs in nearly all waters, and is derived 
from the limestone strata through which the water flows; the 
following analysis of a typical limestone will give some idea of the 
large amount of calcium carbonate which a water may meet with 
when passing through this class of soil :— 


Analysts of Limestone. 


Carbonate of Calcium ud за E ... 99.30 
Oxide of Magnesium m у: та 45 .20 
Silica P ae -— T 26% s .20 
Oxides of Iron and Aluminium  ... d sug .80 

100.00 


and although not soluble in water per se, as previously mentioned, 
the carbonate of calcium is taken into solution by virtue of the dis- 
solved carbon di-oxide in the water. The carbon di-oxide com- 
bines with the normal and insoluble carbonate, changing it into the 
soluble bi-carbonate. As boiling drives off the carbon di-oxide, 
and precipitates the normal carbonate, a water heavily charged with 
calcium carbonate, if used for boiler feed, will soon produce a 
very thick layer of scale on the plates and tubes. 


Carbonate of magnesium, which occurs in a large number of 
waters, is also present in the form of bi-carbonate, and, in fact, in 
some cases it has been found that as much as 40 to 50 grains per 
gallon of calcium and magnesium carbonates are chemically dis- 
solved in natural water, due to the large amount of carbon di-oxide 
contained therein. The presence of magnesium carbonate in a 
boiler water will also result in the formation of a bad scale. It 
may be mentioned that magnesia generally occurs in a boiler scale 
as magnesium hydrate, this is owing to the fact that it is first 
deposited as the carbonate, and subsequently decomposed at the 
temperature pertaining in a steam boiler. 


WATER SOFTENING. 137 


Calcium sulphate is often found in a boiler feed water, and, unless 
removed, will cause a very hard dense scale, therefore a water con- 
taining this salt should always be looked upon with suspicion. 

Magnesium sulphate occurs in a very large number of waters, 
it is an extremely soluble salt, and, although various authorities 
differ as to the actual scale forming property possessed by this 
compound, it is better to be on the safe side and remove it from 
any water which is to be used for boiler feed. 

The chlorides and nitrates of calcium and magnesium should 
always be got rid of, as, although not liable to form scale, bad 
corrosion will result from the use of a water heavily charged with 
these salts ; this is particularly the case with magnesium chloride, 
as this compound dissociates with the formation of hydrochloric 
acid, at the temperature and pressure obtained in a steam boiler. 

In addition to the above-mentioned salts, a water may also con- 
tan various gases in solution, and the use of a supply heavily 
charged with dissolved gases is always best avoided; salts of 
Magnesia, for instance, are soluble in ammonia, and hence the 
Presence of this gas іп a water supply renders its treatment an 
extremely difficult matter. Sulphuretted hydrogen also occurs in 
some waters, especially those contaminated with sewage matter, 
and this gas has an undoubted corrosive action on boiler plates. 

The dissolved salts of sodium, as usually found in natural waters, 
hardly call for any special mention, unless they occur in considerable 
quantity, when the concentration of the boiler water must be care- 
fully watched, and any over-concentration remedied by a frequent 
use of the blow-off cocks. The following analysis will serve to 
show the class of water which may be met with in extreme cases :— 

Grains per Gallon. 


Silica Ju vui sige T T" те 1.57 
Oxide of Iron хе: an = 54% ie 1.58 
Carbonate of Calcium  ... im pis T 17.85 
Sulphate of Calcium T те ee see 43.23 
Sulphate of Magnesium ... es s us 57.25 
Chloride of Magnesium ... $9 X дз 15.94 
Chloride of Sodium .  ... 455 ... 1018.40 


this water was also heavily charged with sulphuretted hydrogen, 
while as an example of an average boiler feed water the following 


analysis may be quoted :— 
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Grains per Gallon. 


Silica Қ е vex ds Е TT .88 
Oxide of Iron i 522 Е; ES T ‚11 
Carbonate of Calcium ... E pec - 10.10 
Sulphate of Calcium  ... T s да 5.58 
Sulphate of Magnesium ... 2d Т -— 3.09 
Nitrate of Sodium x Бс 52. T 1.98 
Chloride of Sodium ИР» 5.4 ш 8.99 
Sulphate of Sodium T E ue = 3.32 


Having discussed the nature of the deleterious salts found in 
boiler feed waters, we will now turn our attention to the best means 
available for their removal. The process is known as that of 
water softening and purification. 

A water may be softened by two methods, namely, by distillation 
or by chemical means, but the first method is, of course, out of 
the question when dealing with a boiler supply. The object of the 
second method is to add certain chemicals to the water which will 
change the soluble salts into insoluble ones, and thus allow of their 
easy separation by settling and filtration. 

The chemicals in general use are lime and sodium carbonate or 
sodium hydrate. Commercial lime is produced by strongly heating 
limestone to such a temperature as to drive off the carbon di-oxide, 
and leave calcium oxide, thus : 

CaCO, = CaO + CO, 

When the calcium oxide (lime) is slaked with water, a strong 
caustic solution of calcium hydrate is formed, and this salt has a 
great affinity for carbon di-oxide ; if, therefore, calcium hydrate 
is added to a water containing calcium bi-carbonate, the carbon 
di-oxide of the bi-carbonate immediately combines with the lime, 
and insoluble calcium carbonate is precipitated, thus: 

CaH,(CO,), + Ca(OH), = 2CaCO, + 2H,O 

Magnesium bi-carbonate may also be treated in a similar manner, 
but in this case it is necessary to add an excess of calcium hydrate, 
owing to the greater solubility of magnesium carbonate. The 
magnesium carbonate is thus converted into magnesium hydrate, 
which is precipitated as a gelatinous compound. The reaction 
may be represented by the following equations :— 

MgH,(CO,), + Ca(OH), = MgCO, + CaCO, + 2H,O 

MgCO, + Ca(OH), = Mg(OH), + CaCO, 
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or combining the two equations we have :— 

MgH,(CO,), + 2Ca(OH), = Mg(OH), + 2CaCO, + 2H,O 
thus, in the case of magnesium bi-carbonate, twice as much lime 
is required to precipitate it as is the case with calcium bi-carbonate, 
and experience goes to show that waters which contain a large 
quantity of magnesium salts always require considerably more 
lime to precipitate the hardening salts than the analyses indicate, 
and it is a Common occurrence with water softeners designed to 
work with weak lime water, that the results obtained when mag- 
nesium salts are present are very unsatisfactory, owing to the 
inability of the weak lime water to convert the magnesium salts 
into magnesium hydrate. 

At this point I would also like to mention that it is essential that 
only the very best quality of lime should be used for water soften- 
ing purposes, as very indifferent results may be obtained by the 
use of a lime which is relatively poor in calcium oxide. The follow- 
ing is an analysis of what тау be termed an ideal lime for water 
softening use :— 


Calcium Oxide  ... sis — ro dea 08.20 
Magnesium Oxide smi se a pus .25 
Silica ae uo io xs ке iis ‚25 
Alumina... Bes - 548 ЄТ s .20 
Moisture, etc. iis де UT Б Е 1.10 

100.00 


from this it will be noted that the percentage of calcium oxide 15 
very high, while that of silica and alumina is very low. The 
presence of any considerable quantity of the latter compound is 
highly disadvantageous in a lime to be used for water softening. 


Having removed the temporary hardness of a water, or, to be 
correct, the free and semi-combined carbon di-oxide, the perma- 
nent hardness salts can be precipitated ; this is done by adding 
carbonate of soda to the water and thereby transforming the soluble, 
sulphates, chlorides and nitrates, into insoluble carbonates of the 
same salts, leaving in solution, sulphate, chloride and nitrate of 
sodium. These latter compounds are perfectly harmless and soluble 
to a very large extent —in fact, they are capable of forming super- 
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saturated solutions which will not crystallise out or form scale, 
even under high temperatures and pressures. 

The following equations will serve to explain the precipitation of 
the sulphates of calcium and magnesium by means of carbonate 
of soda :— 

CaSO, + Na,CO, = CaCO, + Na,SO, 

MgSO, + Na,CO, = МЕСО, + М№а,50, 
in the case of magnesium salts, however, as previously mentioned, 
it is necessary to convert the normal carbonate into magnesium 
hydrate, and thercfore lime as well as soda will be required to 
effect the complcte precipitation of the magnesium salts, thus :— 
MgSO, + Na,CO, + Ca(OH), = Mg(OH), + Na,SO,+CaCO, 

For the sake of reference, the following analysis of a water after 
treatment by lime and soda ash is given :— 

Grains per gallon. 


Silica pet T тя 25 ТЕ s .22 
Oxide of Iron - s T Mis 5 5 .14 
Carbonate of Calcium Р ыш ыы ae 1.05 
Carbonate of Magnesium ... Т ms 25 .25 
Carbonate of Sodium TR n ы 5% 1.40 
Sulphate of Sodium aie a - ies 2.20 
Nitrate of Sodium ... — e "T p 2.04 
Chloride of Sodium s M 2 мез 1.64 


The total hardness of this water is 1.85°, and when the author 
states that the hardness of the water entering the softener is 20°, 
it will be seen what excellent results can be obtained by the lime 
and soda treatment. The cost of softening the water in question 
does not exceed id. per 1,000 gallons. 

At the present moment there are several machines on the market 
which are designed for the purpose of softening a water supply, 
and these may be divided into two main groups, namely :— 

1. Intermittent. 
2. Continuous automatic process. 


The intermittent process may be briefly described as consisting 
of two large tanks into one of which the water to be treated is led, 
and when full, the requisite amount of chemicals is fed in; whilst 
the chemicals are acting on the water in one tank, the other, which 
has been previously filled with water and chemicals, is being 
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emptied. It will be readily seen, that whilst this process is very 
simple in design, it has the great objection of necessitating the con- 
stant attention of a man, and although the tanks can be made 
large enough to admit of two or three hours’ settling, yet someone 
must put in chemicals at the end of each process and also see to 
the filling and emptying of the tanks. 

The second group may be divided into two sub-sections, viz. :— 

(a) Saturated Lime-water plants. 
(b) Lime Milk softeners. | 

(а) As, however, it has come to be recognised that the action of 
lime water upon a hard water is very much slower and far less 
effective that lime milk, this class of machine hardly calls for any 
serious consideration when discussing the modern method of water 
softening. 

As regards the class of machine coming under sub-section ‘‘ b ” 
(lime milk process), the one the author proposes to describe is that 
with which he has now had over twelve years’ experience, and is 
therefore able to speak with authority, as to the results obtained. 


A sectional view of the apparatus in question is given in Fig. 1, 
the description of which is as follows :— 

The water to be treated is led through the inlet pipe ‘‘ K ” into 
one of the chambers of the oscillating receiver. When this chamber 
is filled, the centre of gravity is moved, and the receiver tips over, 
pouring its contents into the intermediate tank below, at the same 
time bringing the other chamber of the receiver underneath the 
orifice of the inlet pipe. On the side of the oscillating receiver is 
fixed a simi-circular tank '' D,” containing the chemical solution 
(lime and soda ash), and in the bottom of this tank a valve is fitted, 
through which the chemicals fall into the intermediate tank ‘‘ B.” 
A system of levers is fixed to the receiver, which at every oscilla- 
tion, actuates the valve in the bottom of the semi-circular tank. 
The lift of the valve can be regulated, so that any given quantity of 
chemicals can by this arrangement be mixed with the water. 


The lime milk in this apparatus has a strength of 10 per cent., 
the lime water used in other apparatus (as in class ‘‘a’’), has a 
strength of only 0.18 per cent., the strength of the lime milk is 
therefore nearly 100 times greater than that of the lime water, 
making it possible to reduce the size of the tanks containing the 
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lime in the same proportion. A further advantage of using lime 
milk is that a certain quantity of fresh burnt lime is mixed with a 
certain quantity of water, a solution being obtained, the strength 
of which is always known. 

In order to keep the lime milk in constant motion, an agitator 
is fixed inside the semi-circular vessel containing the chemicals, 
and the oscillation of the receiver is utilised for driving the 
agitator. 

From the intermediate tank, the water passes into the settling 
tank ** F,” where the precipitation takes place. Before leaving 
the tank the water has to pass through the filters, which consist 
of wood wool packed tightly between two rows of wooden bars. 
The filters can easily be taken out and cleaned by removing the top 
brs, and the filtering material can be used over and over again, 
(ter having been properly cleaned. Sludge cocks are provided 
lor drawing off the precipitate. 

The softened and purified water coming from the filter flows 
шо the storage tank ‘‘ О”! at the end of the softener and is drawn 

therefrom. The flow of water to the oscillating receiver is regu- 
ltd by means of a high-pressure float valve fixed on the inlet 
pipe. 

It will be seen from the above, that the apparatus is very simple 
and compact, entirely automatic, and every part is easy of access. 

There are few working parts and none to get out of order. 

In cases where ground space is limited, softeners can be made of 
а cylindrical type, as shown in section in Fig. 2. 
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Fig 4. 
A Softener, aggregating 13 million gallons. 


Digitized by Google 
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Softener to treat water for dyeing, bleaching and boiler feed. 


Digitized by Google 
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Fig. 6. 


Softener installed for the Eastbourne Electricity Works. 


Digitized by Google 
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Discussion. 


Mr. William Paterson drew attention to the fact that Mr. Lassen 
had chosen as the title of his paper ‘‘ Modern Methods of Water 
Softening and Purifying,” and in the second paragraph, promised 
to bring before the members ‘‘the very latest developments of 
ѕсіейсе in this branch of engineering." Не questioned whether 
this undertaking had been fulfilled. The only two chemical pro- 
cesses referred to for the softening of water were the use of lime 
and sodium carbonate as reagents. These were applied by Dr. 
Clark, of Aberdeen, in 1841, and Mr. Porter, about 1870. 
Further, the only water softening apparatus referred to was the 

Brunn-Lówener patents, vended by the author. Commercially, 

Mr. Lassen was no doubt justified in endeavouring to impress his 

Personal views upon the mind of the public, but, when reading a 

Wger before an institution, he was expected to take a broader out- 

Wk. He (Mr. Paterson) suggested it would greatly have 

diei ne value of the paper had the author described in detail 
anism adopted by other well-known makers of water 
ing plant, and so have given the members data for compari- 


500 and forming their own opinions as to what might be regarded 
45 fhe latest development of the art. 


He took exception to Mr. Lassen’s classification of water 
Softening methods, namely: (1) Distillation, (2) Chemical means, 
Pointing out that while distillation was a means of obtaining soft 
Water, it could not be regarded as a method of water softening. 
If Mr. Lassen objected to this distinction, Mr. Paterson would 
suggest a third—by electrolysis, the splitting up of water into its 
Constituent gases, oxygen and hydrogen, exploding them, and so 
ашп pure soft water. He would prefer, as the most com- 
mercially useful broad classification (1) the Cold Process, (2) the 
Hot Process. It appeared to him that wherever a plentiful supply 
of exhaust steam was available, it should be utilised in heating 
and softening the feed water. Не admitted that the temporary 
hardness could not be removed by injecting steam into a body of 
water, but there was no difficulty in driving off the carbonic acid 
gas, and precipitating the lime salts, if the water was exposed in 
thin flms to intimate contact with exhaust steam. 


The advantages of this hot process were :- 


- 
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(a) It recovered the heat units in exhaust steam, and so 
effected an economy of 10 to 15 per cent., as compared 
with cold feed supply. 

(b) It recovered, approximately, 20 per cent. of the steam as 
pure distilled water. 

(c) In the majority of cases it rendered the use of lime un- 

necessary. ° 

(d) It greatly facilitated the chemical reaction. The objec- 
tion, that in this way the oil was brought into contact 
with the feed water, did not now hold, as the absolute 
elimination of all oil could readily be effected. 


The speaker did not agree with Mr. Lassen that lime water 
could not effect exactly the same changes in the water that cream 
of lime was capable of doing. It was only a question of the 
accurate regulation of the supply. He also regretted that the 
writer had practically dismissed intermittent water softening 
plant with one deprecatory word, and wished to point out that 
under some circumstances the intermittent type of water-soften- 
ing plant was the only one capable of effecting the desired result. 
He took as an instance the water in the Thames at London 
Bridge. Only during a few hours of the day was this water 
amenable to the softening treatment, and if it were to be used as 
boiler feed, it was essential that the total supply should be pumped 
during two or three hours of the day. The intermittent softener 
was admirably suited for effecting the treatment of this water in 
bulk. This was typical of cases to be met with in everyday 
experience. 

Mr. Lassen had dismissed saturated lime water plants by 
stating that the machines hardly called for any serious considera- 
tion. Having had experience of both types of plant, the speaker 
was in a position to state that each had advantages over the 
other, under particular circumstances. The serious handicap to 
the clear water type was the heavy cost of the lime saturator. 

Describing his own type of apparatus, Mr. Lassen had pointed 
out, as one of the advantages, that '' the strength of the lime milk 
used was one hundred times greater than that of the lime water,’’ 
and the solution obtained was ''always of a known strength." 
He (the author) did not draw attention to the fact that any slight 
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inaccuracy in the measuring gear was multiplied a hundredfold, 
and that the strength of the solution is only known if the lime, 


which is notoriously variable in its quality, was of a constant 
strength. 


Mr. F. D. G. Napier, in opening his remarks, called attention 


to the fact that Mr. Lassen had stepped into the breach and given 
his paper much in advance of the arranged date, consequently, 
the criticism by Mr. Paterson was a little undeserved. The author 
rightly made a particular point that all scale-forming material 
should be removed from the water before it enters the boiler. In 
a turbine-driven station the extreme importance of a thoroughly 
treated feed make up cannot be over-estimated. In practice it is 
found that extremely fine scale, in the form of dust, is carried by 
the steam right through the superheater and deposited on the low- 

Pressure blading of the turbine. With reciprocating engines, the 

dust would be blown clear, and do no harm, but with turbines, 

the scale makes a very considerable difference to the steam con- 
sumption. Too much attention can hardly be directed to the 

‘Mportance of getting the reagents of a proper quality. The 

Saker had had so much trouble with so-called Buxton lime, of 

the commercial quality, that he had gone a step further, and now 

buys the necessary lime slaked and suitably ground. There is at 
last one firm who make a speciality of supplying reagents сог» 
rectly proportioned for any given water. 

Mr. Napier pointed out to Mr. Paterson that in a really up- 
to-date installation there was seldom enough exhaust steam avail- 
able for the direct heater he advocated. 

Modern feed pumps are very different to the old time steam 
pumps. There was always the objection to pump exhaust steam, 
that it is usually very heavily charged with cylinder oil. 

The author’s statement that water might be softened by two 
methods had already been criticised, and there are several other 
reputed methods still unrecorded in the paper. Could the author 
state if the claim of a softening plant which treated water by 
merely passing it over an aluminium plate, sometimes using the 
ray of an 8 c.p. electric lamp, to complete the occult treatment. 
had any substantiation in practice. As a practical example of 
what a water softener, when properly made, and looked after 
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could do, it might be of interest to the meeting to know that to 
clean a boiler, treated with clean water, preparatory to annual 
inspection, would cost roughly £4 10s. Similar boilers, fed with 
untreated town water, used to cost anything between £70 and 
£100 for labour alone. 


Mr. Charles Erith agreed with Mr. Paterson that as '' Cold 
Process Lime Softening ’’ was seventy years old, Mr. Lassen's 
title, ‘‘ Modern Methods of Water Softening," was hardly suit- 
able for a paper merely describing one type of cold process 
softener. It was something like reading a paper on '' Modern 
Methods of Steam Generation,"' and describing the Cornish boiler; 
or like reading a paper on '' Modern Methods of Power Produc- 
tion,’’ and describing the Corliss engine. 


Mr. Napier's experience recalled Mr. Stromeyer's paper of ten 
years ago to the Manchester Steam Users' Association (reprinted 
in “ Engineering ’’ of 25th October, 1901), wherein fifteen cold 
process lime softeners were described and reported upon, Mr. 
Lassen's softener, then known as the Bruun-Lówener, being one of 
them. Mr. Stromeyer's conclusion then was that several of these 
should give excellent results with the correct quantities of soda 
and lime, but that in practice few were correctly worked. Most 
engineers to-day were of the same opinion. Mr. Lassen's paper, 
page 139, points out the very indifferent results obtained when a 
poor quality of lime is used. 

For cases where cold water is necessary, the addition of lime to 
precipitate the existing solids in hard water was still necessary; 
but for boiler-feed water—the subject of Mr. Lassen's paper—the 
cold process is undesirable. He would read two short extracts 
from Mr. Patchell’s paper to the National Association of Colliery 
Managers (see “ Iron and Coal Trades Review," 6th March, 
1908) :— 

‘t When the water is to be turned into steam it must be 
heated sooner or later, and both convenience and economy 
point to the advisability of using one stage of the heating 
for softening and purifying the feed-water, rather than adopt- 
ing chemical softening of the cold water. The latter often 
turns the works into a whitewash factory, without stimulating 
the demand for the by-product.” 
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Again :— 

'* If the water is heated to about 200 degrees Fahr. before 
it is put into the boiler, the carbonate of lime will be deposited 
in the heater, and if sulphate of lime also be present, the 
addition of a suitable quantity of soda-ash will decompose it, 
when the resultant carbonate of lime will also be caught in 
the heater.” 

And Mr. Patchell also showed that oil should be extracted from 
the exhaust steam by an oil separator, and that settling and filter- 
ing tanks should be provided. 

As Mr. Paterson had pointed out, the hot process of softening, 
involving no lime, was altogether different from injecting steam 
into a tank of water. The correct method was to spray the hard 
water, mixed with the necessary soda, through a steam bath, when 
the carbon dioxide was undoubtedly driven off, leaving nothing 
for lime to absorb, and so avoiding any addition to the depositing 
solids in the hard water. 

It was beyond all doubt that large numbers of ‘‘ Hot Process 
NoLime Softeners ’’ were keeping boilers free from oil, scale, and 
Corrosion, to the satisfaction of the boiler insurance companies, 
and also saving much fuel by recovering waste heat. The '' No 
Lime’? process could be worked by a man without any chemical 
knowledge, owing to its simplicity. 

Mr. Lassen's paper said nothing as to the fuel saving due to 
scale prevention. The usual claim was to save 10 to 25 per cent. 
of fuel, and one softener catalogue boldly states that '' three- 
quarters of an inch of scale causes а loss of 90 per cent. of fuel.” 
As he had pointed out at other discussions, 5 per cent. fuel-saving 
was nearer the mark, as anyone can verify by noting the tempera- 
ture of exit gases, first from a badly scaled boiler, and then from 
the same boiler after cleaning it. 

Much more fuel was saved by recovering waste heat from ex- 
haust steam and from waste gases, than could possibly be saved by 
preventing scale. There was, therefore, every reason to combine 
waste heat recovery with a simple softening process, avoiding all 
occasion for lime, keeping boilers free from oil, scale, and corrosion 
by the action of waste heat and soda-ash correctly applied in a 
“ heater-softener."' 
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Mr. Lassen’s paper omitted all mention of the Barium process 
of cold softening, which would be very attractive when cold water 
has to be softened, if its working cost were not so very high. 

He joined with other speakers in thanking Mr. Lassen for direct- 
ing attention to a subject so important to all steam users. The 
discussion had shown that each case should be considered on its 
merits, and that several types of lime process softeners were suited 
for dealing with cold water, while the simpler ‘‘ No Lime Hot 
Process Softeners ” had great advantages for boiler-feed water. 

Mr. E. P. Hollis remarked that the paper possessed a failing 
which was common to a great deal of the literature on the subject— 
the ingredients of the untreated water were often given with 
meticulous accuracy, but, as in this paper, never a word was 
breathed about the amount of impurities contained in the water 
after it emerged from the purifier. Such information was essential 
to enable one to judge the efficacy of the treatment, especially in 
view of the charges sometimes brought against softeners, that 
they put more impurities into the water than they took out of it. 


Author’s Reply to Discussion. 


Mr. Lassen, in the course of his reply to the discussion, said: 
In view of some remarks during the discussion on the paper, 
he felt it advisable to draw attention to the fact that his paper is 
not called “ Modern Water Softeners," but ©“ Modern Water- 
Softening Methods.’’ It would have led him far too much away 
from his subject had he to describe the various makes of water 
softeners now on the market. His intention was only to give an 
outline of the laws underlying the chemical question of water 
softening, and at the same time describe a plant which can justly 
claim to represent the latest development of this particular branch 
of engineering. The plant in question was the first softener in 
which cream of lime was used as a reagent with success, and it 
has formed a pattern for nearly every new water softener brought 
out during the last decade. The author’s reason for not mention- 
ing the apparatus using steam and soda ash was because he did 
not consider it could claim to come under the category of ‘‘ Modern 
Water-Softening Methods.’ The definition of a modern water 


DISCUSSION ON WATER SOFTENERS. 155 


softener should be: an apparatus which will reduce any kind of 
water—at all amenable to softening—to its irreducible minimum 
of hardness at the least cost for chemical reagent, and the heat 
and soda ash process does not fulfil these conditions. For students 
anxious to study the question of water softening the author 
recommends the book on '' Boiler Feed," by F. A. Andersen, 
B.Sc. Lond.; and also the paper entitled ‘‘ An Inquiry into the 
Working of Various Water Softeners," by C. E. Stromeyer, 
М.І. Mech. E., and W. B. Baron, read at the meeting of the Insti- 
tution of Mechanical Engineers on the 18th December, 1903. As 
regards the suggestion of including a description of other makes 
of water softeners, the author ventures to suggest that as no 
particulars of other plants have come to hand when going to press, 
an appendix to the paper be made when the Institution has obtained 
the necessary data from the makers who expressed a wish to have 
their particular apparatus described. 


“STEEL SPECIFICATIONS FROM THE 
COMMERCIAL POINT OF VIEW.” 


By Major H. B. STRANGE, fate R.A. 


(Read December 18th, 1911.) 


In accepting Mr. Dunbar Kilburn’s invitation to address you 
on the subject of ''steel," the author felt convinced that по. 
good end would be served by his endeavouring to treat steel from 
a strictly technical point of view. 


There have been many addresses on this subject in the past by 
men eminent as professors and instructors in the art of steel mak- 
ing, and also by individuals with the practical experience obtained 
by a life-long connection with the big steel manufacturing firms. 

The author cannot personally lay any claim to belong to either 
category. His experience, such as it is, is derived primarily from 
inspecting numerous articles made of steel on behalf of the War 
Office, for three years, and subsequently for four years superin- 
tending the manufacture of projectiles made in the Royal Labora- 
tory, chiefly from steel produced in the Arsenal at Woolwich. 

During the period that he has been at Thos. Firth & Sons, Ltd., 
he has gained a wider experience and has more particularly been 
brought into touch with the engineers and constructors of various 
great engineering firms and industries in the country, and this con- 
tact has brought to his notice various points in connection with 
the specifications for steel which may be of interest to an assembly 
composed like this of engineers, whose work, after all, is largely 
dependent on steel in all its various forms. 


Personal Explanation.—The author must premise his remarks 
by explaining that the views put forward are entirely his own. 
The firm upon whose board he has the honour to sit have in no 
way approved his views, either collectively or individually, and the 
entire responsibility is purely a personal one. 

Division of Steel Specifications. —The Specifications in the case 
of the classes of steel with which this paper will deal may be 
roughly divided as follows :— 
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(1) Unwritten specifications, or those which are the result 
of long commercial intercourse between the manufacturer 
and the user, which may be taken to include crucible steel. 

(2) Specifications prepared by Experts of the Admiralty and 
War Office, governing the production of special steels for the 
manufacture of the huge forgings and castings required for 
building up the modern gun and its mounting. 

(3) Specifications prepared by the Admiralty Officials for 
the various engine parts of warships, including shafting, also 
the huge castings and forgings which enter into the construc- 
tions of the hulls of battleships, etc., and by such bodies as 
Lloyd’s, Bureau Veritas, etc., for mercantile vessels. 

(4) Specifications prepared by the engineers of various rail- 
way companies, at home and overseas, controlling the supply 
of parts of locomotives, axles (straight and crank), tyres, 
wheel centres, etc. 

(5) Specifications issued by large firms of engineers 
manufacturing various forms of land engines. 

(6) Miscellaneous specifications for steel for special purposes 
prepared by individual purchasers, and only holding good 
for perhaps one order ; amongst these we must include heavy 
cast steel turbine wheels for mercantile vessels. 

It is to be noted that it is not proposed to discuss structural 
steel for bridge building, etc. The steel being a comparatively low 
grade material, the specifications are technically simple and in the 
majority of instances relate chiefly to accuracy in working to cer- 
tain dimensions. Of this particular branch of the steel trade the 
author has had no personal experience, and does not venture to 
offer any remarks. The same applies to steel for ships’ plates and 
the various industries in which thin plate steel is used. The 
plates are made in large quantities, and the manufacturer is more 
concerned with output than anything else. 

Unwritten Specifications.—The first class of specifications have 
been of very slow growth, and the result of continuous intercourse 
between the steel maker and his customer over a long period of 
years. This group of steels is primarily for small articles, like 
watchsprings, needles, cutlery, and edge tools. 

The group also includes the three important classes of: tool 
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steel, drill steel and file steel, for which specifications have gradu- 
ally been drawn up which practically consist in standard require- 
ments for each type of tool. 

In the case of tool steel for heavy machines, a more general 
specification frequently gives most erratic results. А tool steel 
with certain proportions of tungsten, chrome, vanadium, etc., may 
suit admirably for machining a steel of a certain type, whereas it 
may be altogether unsuitable for machining steel of another grade, 
and the result of a standard test may entirely depend, not on the 
tool which is used, but on the steel on which its cutting power 
is determined. It is desirable, therefore, for buyers of tool steel 
to confine themselves to steels they know to be suitable by actual 
use for certain work, or else to make the trials with the actual 
material which it is their purpose to machine, or to consult the 
steel maker. 

It is remarkable what results have been obtained in the past 
in the manufacture of tool steel without the assistance of analytical 
chemistry, and, one may also say, with very little idea of the 
ultimate chemical composition of the material itself. By the com- 
bined experience of the maker and user of a tool steel, material 
of a definite description was always supplied for a definite purpose, 
whoever was the maker of the steel in the first place. Modern 
science has done but little to alter the system thus empirically 
arrived at, and nothing whatever to improve the quality of the 
products, except the addition of elements, which, 50 years ago, 
were very rare or commercially unknown. 

Until quite recently, sorting into different tempers or degrees of 
hardness of the steel produced in the crucible furnace was done 
by breaking off a piece of the ingot, and depended on the decision 
of the experienced man who was guided by the appearance of the 
fracture, and he was the only judge as to the cause of the defects 
and of the remedies to be applied by heat treatment, but now 
physics has assisted us by enabling the arbitrary signs, such as 
certain colours denoting definite temperatures, to be replaced 
by definite measurement. А recent publication of Longmans, 
Green & Co., upon the ‘‘ Heat Treatment of Tool Steel,’’ is inter- 
esting reading for engineers particularly concerned with tool steel 
proper. The hardening of all steel is far from well understood even 
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at the present day, and there is plenty of scope still for the 
investigator. 

Engineers will understand that in steel for edge tools, the manu- 
facturer practically finishes his work when he supplies the bar 
steel, the actual hardening and tempering of the tool after fashion- 
ing to the shape required, being done by the toolsmiths themselves. 

With regard to mining drill steel, this is also treated by being 
actually worked. Here again the engineer can only satisfy him- 
self of the suitability of the material by making actual tests on the 
work to which the drill is to be subjected. 

For testing files, there has been recently introduced a well-known 
machine for making tests. Files in Russia have been systemati- 
cally tested for 25 years on specially designed machines, and they 
arrived at the same conclusions as have now been generally con- 
ceded in England, namely, that the results ascertained by automatic 
mechanical testing are not always even of relative, to say nothing 
of absolute value. 

The system of testing files is probably well known to everyone 
present. It will therefore be just mentioned that it consists in the 
fle being pushed under a pressure of about 30 Ibs. over the face of 
abar of hard steel, one inch square, and the efficiency of the file is 
«termined by the number of cubic inches filed away in a definite 
number of strokes, or before the file ceases to cut; but here 
again, the test bar of one inch which has been used is quite as 
important a factor in the test as the file itself. 

In all testing, either cutting tools, drills or files, it is of primary 
importance to the engineer to remember that the material which 
his tools are to attack is just as important as the material of which 
the tools are to be made, and that it will frequently pay him well. 
to consult the manufacturer before determining which brand of 
tool steel, drill or file he will adopt. 

In the case of the smaller articles previously mentioned, the 
buyer is a practical man who has spent his life in working with 
steels of the same type. He seldom changes his source of supply 
as the particular idiosyncrasies which pertain to each manu- 
facturer’s steels may easily upset his practice, which is mainly 
based on observation and rule of thumb, carried out over very 
lengthy periods, sometimes several generations. No slight saving 
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in the price, of a few pence in the pound, would compensate him for 
the loss incurred in reputation and pocket by making changes, 
unless most thoroughly examined beforehand. 

The improvement in steels of this type is not so much in the 
quality as in the price. Newer mills for rolling, and more 
economical methods of manufacture in each branch have steadily 
cut down the initial cost of the steel, and in this way, a steady fall 
in the price of these goods is continuously obtained. 

It will be realised that it is not possible to employ very rigid or 
detailed specifications for steel of this kind. The manufacturing 
practice varies very little from year to year, depending principally 
on the skill and personalitv of the individual workman, and the 
general closeness of the supervision exercised by the steel maker 
in seeing that only the very best steel is allowed to leave the works. 

In the event of any trouble arising, as it must do from time to 
time with material which is quite human in its nature, in that it 
is liable to so many diseases, the consumer goes at once to the 
manufacturer and they put their heads together with a view to 
finding out the best cure for the ailment. 

Gun Steels.—The second category requires little discussion here, 
as the conditions required from steel used in the manufacture of 
guns are so very different from those imposed by ordinary engineer- 
ing. Pressures of 20 tons per square inch, and the extraordinary 
erosion and abrasion caused by gas explosions in heavy guns, 
cannot be found in any other branch of engineering, the nearest 
conditions being noted in Internal Combustion Engines, which 
are expected to form an increasing factor in land and marine 
engineering in the future. 


Admiralty  Specifications——Engine Parts.—The specifications 
prepared by the Admiralty for the various engine parts of warships, 
including shafting, may be taken also to represent the highest 
grade of steel making from large ingots. 

The specification lays down the conduct of the work to the 
smallest particular. The size of the ingot is practically specified 
by the condition which determines that the forging must reduce 
the diameter three to four times. This would prohibit the use 
of phenomenally long and slender ingots. The great majority 
of Admiralty shafting 1s now bored, so that the shafting is very 
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light compared with merchant shafting of similar strength and 
capacity to resist torsion. 

For the majority of steel forgings for this work low carbon 
steels are used, and the steel is annealed to put it into the most 
suitable condition for withstanding the strains it will be called 
upon to endure in working. There have been, and still are, a num- 
ber of engineers who will specify wrought iron for tail shafts, on 
the ground that wrought iron is less likely to be affected by the 
vibration of the screw. This is probably an opinion remaining from 
the time when steel shafting was forged, but was never annealed. 
In modern shafting supplied by the highest grade firms, enormous 
furnaces 80 to 90 feet long are used to enable the whole of the 
shaft to be annealed simultaneously in precisely the same manner 
as the forging for a heavy gun tube. 

The engine parts are higher in carbon and of stiffer material, 
but the Admiralty specifications, and those of the large steamship 
companies, are now being brought very closely into line with 
those laid down by the British Engineering Standards Com- 

mite. The tests imposed are not very different from those em- 

ployed by Lloyd’s, Board of Trade, Bureau Veritas and German- 
ег Lloyds. Generally speaking, these tests are the result of 
collected experience and vary little from year to year. 

When we descend to the tramp steamer, the specifications still 
than somewhat the same, but a great quantity of the shafting 
especially, is imported, and it is doubtful to what extent some 
foreign manufacturing practice compares with that in England. 
The author's personal impression is that British inspectors are 
not permitted to see the actual manufacture. It is well known 
that by suitable heat treatment, tensile and bend tests can be 
obtained from what may be described as partly forged steel, 
‘ery little, if at all, inferior to thoroughly forged steel, and it is 
therefore of great importance that Lloyd's, and other inspecting 
agencies, should have full power to actually see every stage of 
manufacture abroad just as they are enabled to do at British steel 
Works. If this is not done, there is a great liability of shafting 
being accepted with a lower standard of manufacture merely 
because the mechanical and chemical tests are complied with. 

Engineers and buyers should be very careful to see, when com- 
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paring Continental prices with British, that the inspection they 
have arranged is identical in every detail, as what may appear to 
them an omission of no import, may seriously affect the price 
and render any comparison of prices misleading. 

Railway Specifications.—Specifications issued by railways 
have in the past been somewhat erratic. It has been one 
of the most striking peculiarities of the British railway system 
that nearly every railway company of importance builds its own 
engines. Consequently an infinity of types has been developed, 
while the practice as regards specifications for material was also, 
until recently, surprisingly variable. This is an extraordinary 
instance of the strong antipathy to uniformity in the English 
character. 

No doubt it is the same national characteristic which causes 
us to still adhere to the antiquated system of measurement by feet 
and inches and the vulgar fraction, when the majority of civilised 
nations have adopted the aristocratic decimal. 


Erratic Specifications.—In steel foundry practice it is not 
at all an uncommon experience, with regard to locomotive 
castings required for precisely similar duty, and practically indenti- 
cal pattern, to be manufactured alongside each other to separate 
specifications, such, that in one case the castings are condemned 
if their maximum strength exceeds a given number of tons per 
square inch, while in the other case the castings are condemned 
if the maximum strength does not exceed the same tonnage. 

The difficulty of supervision in these circumstances during the 
preparation of moulds before casting, and during the subsequent 
heat treatment of the castings, may be imagined. 

The work of the Engineering Standards Committee in laying 
down a uniform test for British railway materials will be of the 
greatest utility in the future, and is putting a stop to such anomalies 
as have been mentioned. Nothing is so exasperating to the manu- 
facturer as having to make small batches of otherwise similar 
articles, each with some small difference in the specification which 
necessitates either a difference in the chemical constituents, or 
more or less heat treatment, the actual differences in the specifi- 
cations being, as a rule, entirely academical, representing the 
views of some individual engineer, perhaps deceased. 
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Probably a great proportion of locomotive designers will in the 
long run adopt the British Standards tests, which will greatly 
facilitate the manufacture and delivery of the axles, engine parts, 
tyres, wheel centres, etc., that they may require from time to 
time, and very much relieve the terribly harassed steel works 
manager. 


The various big firms of locomotive builders have in the past 
been equally difficult customers to please, but they have had a 
greater excuse in that they have had to conform, when building 
engines for foreign railways, and for different customers, to the 
demands of their clients, which frequently differ in each succeed- 
ing contract. 


Here again, the great value of the labours of the British 
Standards Committee is becoming manifest, and it is hoped 
that these specifications will be generally adopted, not only in 
this country, but in the various Dominions and Dependencies of 
the Empire from which British locomotive builders draw most of 
their custom. 


Private Specifications.—We now come to the specifications 
issued by large firms of engineers manufacturing various forms 
of land engines. Here the large firms employed in general 
engineering of this kind are usually to be found in groups, who 
specialise in some particular form of engine, for instance, there 
are the various firms, which it is unnecessary to name, who make 
engines for installations of electric light and power plant ; others 
make road engines, others again make mill engines, pumping 
engines, etc., and it is in these particular specifications that the 
general run of engineers are most interested. 


The specifications vary a great deal, and must do so, as they 
depend on the work which each portion of the engine is called 
upon to endure. The physical properties, therefore, of the steels 
required are carefully calculated by the designers, and the accuracy 
of their calculations checked as far as possible. These calculations 
are most intricate, and their results the author is in no way dis- 
posed to criticise, but what appears to him of first-class import- 
ance, and what every engineer who intends to take up this line of 
work should carefully consider, is the form in which the steel from 
which his design is to be re-produced has necessarily to be made 
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in the first instance, and this is of special importance in the case 
of forgings. 


It is to be noted that ingots vary in length approximately from 
three to four times their diameter (Figs. 1, 2 and 3); that they 
taper from one end to the other, the big end being almost univers- 
ally the bottom end. Some of them are cast with what are called 
heads, others without. The object of the head is to gradually 
feed the ingot proper so that the cavities formed in the ingot in 
cooling are filled up by the surplus fluid steel in the head. 


The point to which it is desired to draw special attention to- 
night, is to bring home to engineers that steel that has to be 
handled to an intricate finished forging, involves very great 


labour. 


When you compare the ingots with the spoked wheel, or the 
turbine drum, to which it has to be reduced, it is plainly seen 
what an immense loss of weight is caused owing to the forging 
and carving out which is involved. It is also apparent at once, that 
with the few tools which it 1s possible to use with a machine such 
as an hydraulic forging press, which has only one motion, i.e., a 
vertical motion in one plane, that the moulding of these great 
ingots into the various forms indicated, is surrounded by numerous 
difficulties, and that the forging when it enters the machine shops 
bears little likeness to the finished article. 

Now, if all engineers and designers would always keep before 
them, in their mental vision, the shape of an ingot and try to see 
the transformation the ingot would require to bring it to the par- 
ticular shape they have in mind, it is the author's firm belief that 
many modifications of design would be brought about, and could 
be brought about, without in any way diminishing the efficiency 
of the engines or machines, and at a vastly decreased cost. 

Some instances will now be given. For example, to make the 
rotor wheel shown in Fig. No. 4, an immense ingot has to be 
cast, weighing 41-42 tons. It has to be forged out into a great 
solid slab of 25 inches in thickness, weighing 26% tons. Тһе 
wheel then has to be trepanned out of this great forging, which 
leaves all the four corners unused and unusable, again involving 
a loss of weight of 114 tons. Here we have an ingot weighing 
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41-42 tons reduced to 263 tons in the rolled state, and then to 112 
tons when trepanned ready for machining. 

The next procedure is to bore the central hole, and machine out 
the spokes. This is an extremely expensive job. It has been found 
as the result of various trials, that the simplest way is to bore 
21-іп. holes practically almost touching each other. The waste 
material in the centre, between each of.the radial spokes, is 
knocked out, and the wheel is then ready to go to the slotting 
machine, where the projecting portions left by the dril are 
removed. 

In some types of wheels a considerable amount of recessing to 
shape the various spoke arms is required by the engineers, involv- 
ing a journey to the lathe between boring and slotting. 

The machining operations involve removing 12 tons of material, 
the weight of the wheel being now reduced to 8 tons 6 cwts. The 
cost of this great loss of material in machining is equal to £70 per 
ton on the machined weight of 8 tons 6 cwts. for loss in material 

oly, and this omits from the reckoning the cost of forging, 
machining and other incidental charges. 


Àn instance of a rotor with a large body and small spindle ends 
will now be taken. Here we have a case of having to start with an 
ingot of very large dimensions in order to obtain the necessary 
forging or compression on the steel forming the body of the shaft, 
while the small ends have to be drawn out into spindles, as 
illustrated in Fig. No. 6. 


The following series of sketches will illustrate the point. Sketch 
No. 1 is that of the rotor body and spindle when rough machined 
and bored. The main dimensions are :—Largest diameter of drum 
482 ins. and the smallest diameter of spindle 63 ins. (a difference 
of 42 ins.), and an over-all length of 112 ins. It will be seen that 
the drum is bored out until it becomes a mere shell. 


The ingot, after forging, is reduced to what is commonly de- 
scribed as a billet or cogged piece, and sketch No. 2 shows in 
full lines the billet that would be required to make this 
forging with the usual forging allowances, and it must 
be noted that only 74 ins. of the 34 ins. diameter piece would 
be necessary to forge out to the remaining portion of the shaft 
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as per dotted line. Іп practice, it is impracticable to 
forge down a piece 74 ins. long of such a large diameter to so 
small a one, as to do so would mean that the spindle end would 
be hollow for almost its entire length. It is therefore necessary 
that a longer piece should be worked, and sketch No. 3 shows that 
actually 24 ins. instead of 74 ins. of the 34 ins. diameter was 
worked down, which produces a piece no less than 153 ins. long 
by 19% ins. diameter. This means that the spindle when 
forged was 89 ins. longer than was required, and, in addition, 
184 ins. diameter, for the whole length instead of 42 ins. of 7 ins. 
diameter. The weight of the forging was 12 tons 18 cwts., and 
that of the rough machined drum 2 tons 6 cwts., a difference of 
10 tons 12 cwts. 

The case of the end shaft for the same turbine emphasises more 
emphatically the point in question. Sketch No. 4 illustrates the: 
end shaft rough machined and recessed. The main dimensions 
аге: Head 403 ins. diameter, shaft 8$ ins. (a difference of 32 ins.), 
the over-all length being only 515 ins. Неге again, it wil 
be noticed that the head of the shaft is reduced to а mere 
skeleton. Sketch No. 5 in full line, shows the cogged piece 
that would be required to make this forging, only 8 ins. of which 
would be necessary to forge down to the shaft. This, of 
course, is a more hopeless proposition than the last illustra- 
tion, and it was necessary in practice to take a cogged piece at 
the size shown in full line on sketch No. 6, 214 ins. of which was 
worked down, which produced a length of no less than 208 ins. by 
184 ins. diameter, which is 171 ins. more than required for the 
shaft, and 18} diameter for the whole length, whereas for 30 ins. 
it should only have been 91 ins. diameter. The weight of the 
forging was 138 cwts., the weight of the shaft rough machined 
201 cwts., being a difference of 1084 cwts. 

It would be possible to go on giving innumerable instances of 
the same kind of waste of material, but these three cases are suffi- 
cient to make clear the difficulties that forgemasters have to meet 
in complving with the demands of the designers of engines, and 
to indicate to all engineers responsible for design, the scope for 
large savings in first cost of the materials employed in their 
engines. 
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The manufacture of big crankshafts is also a complicated and 
expensive piece of work, especially those of the type shown in 
Fig. No. 5 of the solid forged type; built-up crankshafts as 
shown in Figs. Nos. 7 and 8, are far less wasteful in material, 
and it is for the engineer to consider when he can make use of 
built-up cranks. 

It may here be mentioned that a considerable number of loco- 
motive builders have had the courage to adopt the built-up type in 
preference to the solid forged. It is no part of the purpose of this 
paper to discuss the relative efficiency or life. It is only an 
endeavour to get engineers to give this question increased con- 
sideration. 

Miscellaneous Specifications.—Specifications under heading 6 
are really very similar to those under headings 3 and 5 combined, 
and there is very little to be said in respect to the steel that is used 
for these purposes, except that the advice and assistance of the 
steelmaker is more valuable, when the specifications have to be 
drawn up to govern perhaps a single engine. 

Designs for Steel Castings, etc.—Designs for steel castings 
are frequently submitted for the purpose of quotation, which 
conscientious manufacturers must refuse to quote upon, because 
from their very nature, internal defects are liable to be set up in 
thir manufacture, which no subsequent treatment can reduce. 

The finished casting may to all appearance be satisfactory on the 
surface, but the experienced steel maker is aware that hidden 
flaws exist. 

When, therefore, manufacturers point out their difficulties to 
engineers, and in certain cases refuse to quote to their designs, 
engineers should be very cautious before they decide upon accept- 
ing the quotations of manufacturers who take no exception what- 
ever to any design. 

In large steel castings, the designer has everything to gain by 
consulting the foundry. The law of shrinkage in steel during cool- 
ing is well known and comparatively simple, but the actual applica- 
tions of this law to castings of complicated shape is exceedingly 
difficult to foresee. The practical experience of the foundry is of 
the greatest possible use to the designer, and an indication to him 
what can be done, and what cannot be done in casting steel. Over 
and over again what appeared to the designer some trifling altera- 
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tion would make all the difference between a good and a bad 
casting. | 

Another point of considerable importance in designing is that 
some steels show a better surface than others, and where 
the article would be submitted to considerable friction it may be 
desirable to use these steels, although their toughness and tensile 
strength may be less. Again, a steel with a very large amount 
of toughness may be readily distorted and lose its original form. 

Finally, in many of the specifications, treatment may or may 
not be specified. In this connection again, the advice of the steel 
maker is of great value to the engineer, and it is felt that it should 
be more frequently obtained. 

The author would urge that engineers should seldom specify the 
chemical analysis of their steel, but should leave it entirely to 
the steel maker, and that when he has informed them of the analysis 
he recommends for the forging or casting required, they should 
only take steps to verify that the analysis is not very widely 
departed from in practice, but the habit, which is not infrequent, 
of specifying the tests and also at the same time the chemical 
analysis of steel, should be abandoned. 

Next, and most important, the author ventures to submit that 
the engineers should, in drawing up their specifications, request 
steel makers in whom they have confidence, and upon whose judg- 
ment and good faith they can rely, to advise them as to the nature 
of the steel they should adopt for the design. All steel makers 
have testing machines and laboratories attached to their works, in 
which thousands of test pieces are dealt with every month, the 
consequence is that they amass an immense amount of informa- 
tion as to the physical characteristics and peculiarities of the 
various types of steel which they manufacture, and are frequently 
able to give the engineer the best possible advice, when they know 
the type of work to which the steel is to be put, as to whether he 
should adopt carbon steel, nickel steel, nickel chrome steel, 


chrome vanadium steel, or any one of the other numerous alloys. 


The author wishes to plead also for classification and 


standardisation in the physical tests as far as possible. This is 
being dealt with to a large extent by the Standardisation Com- 
mittee, and that all engineers in designing the form and relative 
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dimensions of their various forgings, castings, etc., should give 
very earnest attention to the work that has to be put into the 
steel before the form which they desire can be produced from the 
ingots; further, they should thoroughly realise that steel 
makers welcome a visit from an engineer on behalf of his firm, 
and are always ready to discuss with him the details of the 
specifications, and as far as possible, to give him every assistance 
in their power. | 

It is thought that a closer co-operation between the engineer 
and the maker of the steel would lead to many economies and 
greater satisfaction to both parties. 

Foreign critics invariably remark on our lack of the faculty of co- 
operation (perhaps with some justice), and it is probably associ- 
ated with the extreme independence of thought which is very 
marked in the British character and carried to extremes. 
Independence of this sort leads to lack of harmonv and loss of 
eficiency. The author believes fertility of ideas is produced by 
intercourse. 

If anything that has been brought forward to-night induces 
doser co-operation between the engineer and the steel manu- 
facturer, it will be felt that this paper has not been written in 
van, and it is fairly certain that when the suggestions that have 
ben made are carefully considered, they will be acted upon to 
Some extent at least. 
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Fig. 2.—Group of Ingots. 
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Fig. 4.—Turbine Wheel. 
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Fig. 5.—Solid Forged Crank. 
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Fig. 8.—Built-up Crank. 
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Fig. 9.—Built-up Loco. Cranks. 
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FROM THE 


February, 1912 
STARTING PLATFORM. 


THE Before these lines reach their eyes, readers will 


INSTITUTION have already noticed that with this issue of the 
BOOKLET. Journal a small booklet is being distributed.‘ There 
is little doubt that this will have been read before attention has 
been given to the Journal itself, so that, although the duty of the 
writer is to write a few words of introduction, commending the 
booklet to the consideration of members, such words are really 
unnecessary, as the introduction has already been effected. 


According to our individual tastes—or lack thereof—the 
pamphlet will have been welcomed with an approbatory grunt, 
put on one side with an apathetic sniff, or pocketed for a second 
perusal with an enigmatical smile. But whether it earns approval, 
deserves apathy, or invites further consideration, it will be generally 
conceded that the publication is much more appropriate, complete, 
and readable than was the leaflet hitherto available for imparting 
knowledge to ourselves or to prospective members, relative to the 
ате, objects, and working of our Institution. 


fhe preparation of the booklet has been in hand for many 
months. Recent changes in the officers of the Institution has 
caused some delay in its publication, but now it is finished and 
distributed. Having had something to do with its preparation, it 
has been suggested that the writer should step on to the Starting 
Platform for once, to inform the general body of members why the 
booklet has been printed, and what it is expected that each member 
shall do with his copy. 

It will be apparent to all that the distribution of the booklet 
amongst those who are already members is but a means to an end. 
To advise its recipients as to the objects and aims of the Institu- 
tion, and to epitomise the advantages offered to members is some- 
what akin to carrying coals to Newcastle. However, it may serve 
аѕ a reminder to some of us that we do not avail ourselves of all 
the advantages offered to us. Perhaps, even, it may bring home 
to us the feeling that we, individually, have not been doing all 
that we should to retain the ‘‘ Junior ” spirit in its accustomed spon- 
taneity, but have been neglectful of our duty to our fellow members, 
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in not attending the visits and gatherings, nor even giving the 
benefit of our experience in our particular branch of engineering 
work to our confrères. 

In every institution there exists a number of members who feel 
naturally disinclined to take part in the public discussion of papers 
read at the monthly meetings, and therefore they do not feel that 
their presence thereat is essential. But the monthly meetings are 
the only gatherings which allow that freedom of intercourse between 
individual members which is so great a feature of our Institution, 
and which makes it so unique among similar bodies. The monthly 
meetings provide us with opportunities of getting to know each 
other, a matter of much importance not only to the individual but 
to the Institution as a body, for from the frequent meetings and 
conversations we all get to know those who can effectively take a 
share of the Institution management, and there is then a constant 
accession of new blood on our Council, greatly to the advantage 
of us all. 

To retain the Junior spirit in the Institution it is necessary also, 
and, indeed, vital, to have a constant stream of new members 
joining our ranks. The present Council are doing their utmost to 
make the Institution of real service to all who do their part as 
members, and it is hoped that the distribution of the booklet will 
enable each of us to bring the advantages of membership to all 
of our colleagues who are eligible for election. 

It must not be thought, however, that numerical strength is the 
chief consideration of the Council in distributing the pamphlet. 
Naturally, the greater the number of members, the larger the 
funds that will then be at the disposal of the Council to enlarge the 
scope of the Institution’s work. But everyone will agree that a 
smaller number of members who will carry out the aims of mem- 
bership is infinitely preferable to a larger roll-call on which the 
majority of names are those of persons more or less apathetic. 
During last year the increase in membership was above the average 
of the last three years, but not as large as was necessary to make 
up for losses by deaths and resignations during the period. So 
far, the prospects of the Institution for the present session are 
better than last in this respect. Undoubtedly there are a large 
number of engineers ‘‘ of the right sort’’ who have failed to 
realise what the Junior Institution offers them, and it is to get into 
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touch with these gentlemen through our present membership that 
the booklet has been prepared. 

To those engineers who are not resident in London, the advan- 
tages of membership are not at first sight so apparent. As а 
matter of fact, however, the issue of the monthly Journal keeps 
touch with all throughout the United Kingdom and abroad. The 
papers and discussions are printed and distributed therein within 
a few weeks of the date of each meeting. Personal notes of 
members are welcomed for insertion for the information of their 
colleagues. Written contributions and discussions are invited 
from members who find it impossible to attend the meetings per- 
sonally. Апу difficulties experienced in daily work are given 
attention in a part of the paper specially set aside for the purpose. 
Other advantages at the disposal of the country member are 
detailed in the booklet, and if there is any other way in which the 
Institution can be of assistance, the Council will be pleased to 
consider any suggestions that may be put before them. 

Personally, the writer has felt for some time that the number of 
members now on the roll warrants the consideration of a scheme 
whereby those specially interested in particular branches of engi- 
neering could form special sections, and meet, say, at least twice 
ш a session, to discuss the general progress or any special develop- 
Tent in such section amongst themselves. Thus, those who аге 
specially interested in electrical work could keep in touch with all 
engineering matters appertaining to Generation, Distribution, and 
Application of Electricity—including, perhaps, Telephony, Tele- 
graphy, and Signalling. Another section might make Steam and 
Hydraulics their special care, and all interested in the raising, 
heating, softening, condensing of water, or its utilisation т 
machines could put their heads together. 

A third section might deal with Engineering Structures, em- 
bracing constructional ironwork, ferro-concrete, town-planning, 
excavations, and civil engineering work generally. 

A fourth section could be concerned with Internal Combustion 
Engines, including gas producers, and their application to fac- 
tories, automobiles, aeroplanes, motor-boats, etc. 

A fifth section could undertake to keep the members au fait with 
all matters pertaining to transit, including engineering details 
in railway, tramway, vehicular, and other traffic. 
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A sixth section might be responsible for material, instruments, 
and tools, and keep us in touch with the trend of modern practice 
in the development of steel and iron work, including iron and 
brass founding. 


There is not the slightest doubt in the writer’s mind that such 
a scheme would be practicable and greatly to the advantage of the 
Institution. Names of men in our ranks who are well fitted to 
take a lead in each of the sections will readily occur to us. Every 
session it would be expected that one ‘‘ full dress " paper and dis- 
cussion should be delivered by some member of each section. By 
some such scheme as here briefly outlined, a considerable ‘‘ fillip "' 
would be given to individual interest in the Institution. 


It would be interesting to have some correspondence giving the 
views of members upon the suggestion. 


Meanwhile, do not forget to exhibit the booklet. 
W. А. Тоокеү. 


OBSERVATIONS 
IN GENERAL. 


On the evening of Friday, January 19th, the paper by Sir George 


„э 


Greenhill on “ Sighting ” attracted the largest audience the Insti- 
tution has ever entertained at a meeting. The hall on the Thames 
Embankment was filled to its full capacity, and there was a large 
attendance of visitors, which included experts on gunnery and 
marksmanship representing the Navy, the Army, the National 
Rifle Association, and various other organisations, to say nothing 
of a considerable sprinkling of Territorials within and without the 


ranks of the members. 


* * ж ж ж ж 


Mr. James Swinburne, M.Inst.C.E., F.R.S., Past-President, 
was in the Chair, and although he expedited the progress of the 
meeting in a very skilful manner, he left himself no time for a 
speech; this is regrettable, for his comments upon technical 
matters are always instructive, and almost invariably enlivened 
by a happy wit which renders them doubly interesting. 
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The Negative Angle method invented by Mr. Ommundsen was 
very fully gone into, as may be seen from the copy of the report 
elsewhere in our Transactions. 


* * * * ж ж 


Мг. Ommundsen received ап extremely cordial reception from 
the Members, and, in fact, the whole of the audience were very 
sympathetically disposed towards a man who, of just about the 
right Junior age, had twice been a King’s prizeman, and had pre- 
sented the Institution and the public with a new method of aiming, 
of a very striking character, interesting to the geometrician as 
well as to every user of a projectile weapon. 

No adverse criticism was offered in the hall, and so far as could 
be gathered from conversations in the coffee room subsequently, 
nobody had any to offer. 


* * * x* * ж 


The non-technical press has blundered rather heavily, in certain 
imstances, in dealing with the idea and its uses. Опе would 
marine that as in modern life there is such an enormous amount 
of scientific happenings and apparatus, the great dailies, at апу 
rate, would have upon their staffs some person possessing a know- 
кіре of general science and engineering technology, whose duty 
п should be, among other matters, to prevent the appearance of 


ill-informed comments upon scientific matters in their pages. 
* * * ж ж ж 


Suggestions have been made, elsewhere, to the effect that the 
new method calls for special skill upon the part of the marksman. 

As explained to us, it does not appear that special skill is neces- 
sary. Тһе marksman has his sights set once for all. If the 
object be, for instance, a moving man, then the marksman, so 
long as the man is anywhere within a maximum limit to which 
the fixed sight is appropriated, aims steadily at a point 5 ft. 6 in. 
below the victim’s feet. If the rifle is properly aimed the object 
will be hit, wherever it may happen to be within the limit above 
named, and this without any re-setting or other alteration of the 
sights, or of the 5 ft. 6 in. 

* * * ж * * 

Now, the present writer, though by no means a marksman— 

unless you like to qualify him as “а bad marksman ’’—finds no 
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difficulty whatever in directing his aim to a point 5 ft. 6 in. below 
a man's feet, particularly as the man is conveniently in position 
to afford him a gauge on the spot, very much like a foot-rule photo- 
graphed with a casting to give the scale of the picture. 


ж + + + * ж 


Men who miss their mark when they aim іп the ordinary fashion 
do not have their own defects cured by practising the Ommund- 
sen method. But for the encouragement of the fluker one may 
mention that with the Ommundsen method the percentage of hits 
of even a fluker should improve, for the possibilities of a hit are 
increased by the method, and this apart from the advantage which 
may be seen, from a consideration of the geometry of the subject, 
to underlie the method and its practice by such as are not flukers. 


* * * * ж ж 


To put it іп another way, the main feature of the Ommundsen 
idea is that it increases the capabilities of the weapon. The deadli- 
ness of infantry fire is greatly enhanced by it. 


* * * ж * + 


One sometimes hears the suggestion that the devisers of high 
explosives, armour-piercing shell, and all sorts of munitions of 
war must surely belong to a singularly callous and virulent class, 
having for its object the destruction of human life. But as a 
fact, such is not the case. The artillerist, the inventor of explo- 
sives, the soldier—in a word, the makers and users of munitions 
of war—will be found for the most part kindly and accomplished 
men, bearing no more malice towards those who are to experience 
the ultimate results of their professional exertions than the ship’s 
cook, say, bears towards the occupants of a fort his vessel is 
bombarding from five miles away. 


* * * * ж ж 


Of course, taking the soldier for example, his clear duty is to 
improve the efficiency of that portion of military equipment which 
is committed to his charge. (And incidentally to play, as often as 
not, the part of the target instead of that of the marksman. Do 
not let us forget this aspect of him, at the wrong end of the gun !) 
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It is for those who set armed force into action to consider the 
suffering which must result. And nobody supposes that such con- 
sideration does not receive due weight. After all, there are higher 
objects to be achieved, sometimes, than the conservation of human 
life, as many a man has shown, not alone by obeying the call of his 
commander or his country, but only in response to the voice of his 
own honour. 


* + * * * * 


The soldier must surrender his conduct to control by the states- 
man and publicist whose duty and profession it is to weight such 
matters. Indeed, we all surrender our judgment and initiative to 
others daily, in a surprising degree, when one comes to reflect 
upon it. 


* + * * ж * 


Take care, then, that your pilot be not unqualified. Or rather, 
make it a first duty to assure yourself that his qualifications are 
possible and real, and not imaginary. 


PERSONAL NOTES 
OF MEMBERS. 


W. E. BARBER has returned from Canada; 4 Macoma Terrace, 
Plumstead, Kent. ? 


S. E. BARRON is partner with Mr. Kupferberg in The Notting Hill 
Engineering Company, Ravenscroft Works, Willesden Junction, 
N.W. ; 4 Abinger Road, Bedford Park, W. / 


W. J. Basserr-Lowke reports that he has had the privilege of 
supplying the Prince of Siam with a complete 15 in. gauge 
Model Railway outfit. The locomotive is one of his standard 
"Little Giant" class, fitted with double-bogie tender. The 
Rolling Stock consists of 6 four-wheeled Passenger Cars with a 
carrying capacity of 8 persons each, and one Bogie Passenger 
Car with a carrying capacity of 12 persons ; all titted with Sun 
Awnings. The Goods Rolling Stock includes two-ton Double 
Bogie Wagon and 2 four-wheeled Goods Wagons. 


Wa. GROUNDWATER has been promoted to Assistant Superintending 
Engineer to the Rising Sun Petroleum Company, Yokohama, 
Japan. 

E. Hunt has been appointed District Locomotive Superintendent on 
the Oudh and Rohilkand State Railway, Shahjuhanpur, India. 


186 MEMBERSHIP ELECTIONS. 


Г. MARSHALL JOCKEL 15 now at the Newport Power Station of the 
Cleveland and Durham Electric Power, Ltd. This station is a 
“Waste Heat Station,” and Mr. Jockel is finding the work 
very interesting. 


B. KuPFERBERG is now in business for himself, in conjunction with 
Mr. S. E. Barron ; The Notting Hill Engineering Company, 
Ravenscroft Works, Willesden Junction, N.W. (тобо Harlesden.) 

WILLIAM MATTHEWS is now with the Victoria Press Manufacturing 
Company, Vandy Street, Worship Street, E.C.; 109 Mount 
View Road, Stroud Green, N. 

J. GzorGE Mayne is now holding the position of General Manager 
of the Krajewski-Pesant Company, who are engaged in the 
manufacture of sugar machinery, marine and general contract- 
ing work; cjo Krajewski-Pesant Company, Apartado 410 
Havana, Cuba. 

STANLEY C. MiLLs has obtained an appointment as Engineer and 
Assistant to the Borbheel Tea Company, Ltd., Behali P.O., 
Assam. 

Н. Poors has taken up the post of Head Draughtsman with Messrs. 
James J. Guest & Co., Ltd., Manufacturers of plain, universal, 
cutter and other special grinding machines ; The Charterhouse 
Works, Coventry ; 5 Walsgrave Road, Coventry. 

Eustace W. Porter has been appointed Resident Engineer and 
Manager to the Caledonian Canal, Inverness. He will be 
leaving the New Docks Works, Southampton, now nearing 
completion, on which he has been engaged for the last 474 years, 
in the course of a month or so. 

R. S. Rusr returned to India on the 27th January, by the S.S. 
'"Jeluga," to enter the service of the British India Steam 
Navigation Company ; c/o Messrs. Mackinnon, Mackenzie and 
Company, Calcutta. 

S. C. SAUNDERS is now in the Drawing Office of Mr. G. Mitchell, 
Consulting Engineer, 39 Victoria Street, Westminster, S. W. 

T. T. J. SHEPHARD has returned to India from leave, his address 
being as given in the List of Members. 

E. J. TAvLon has been transferred to the Edinburgh Office of Н.М. 
Office of Works. 

C. E. WHvrE sails on the 8th February from Liverpool, by the S.S. 
“ Madic," for Sydney, New South Wales; c/o Head Office, 
Union Bank of Australia, Sydney, N.S.W. 


MEMBERSHIP ELECTIONS. 


Members. 
ALLEN, Henry PHILIP; 77 Blinco Grove, Cambridge. 


Browne, BERNARD FREDERICK, Assoc.M.Inst.C.E.; The City of 
Santos Improvements Co., Ltd., Santos, Brazil. 
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ConFiELD, Horace VALENTINE; 95 Selhurst Road, Selhurst, S.E. 
and South Metropolitan Gas Company, 709 Old Kent Road, S. E. 


Dossincs, Norman ; Carriage Factory, Indian Ordnance Depart- 
ment, Jubbulpore, Central Provinces, India. 


FowkEs, CHARLES FREDERICK; Fern Villa, Lincoln Road, Peter- 
borough ; and Messrs. Peter Brotherhood, Ltd., Peterborough. 


GOODMAN, GEORGE Henry ; Myford Cottages, Horsehay, Shropshire ; 
and The Horsehay Co., Ltd., Horsehay. (15 Wellington Salop; 
Bridge, Horsehay.) 


LaL, PANpiT Hira; Assistant Engineer, Bilimora Sora Railway, 
Bilimora, India. 


Worms, EMANUEL Henry; 185 Ladbroke Grove, North Kensington, 
W.; and The Asiatic Petroleum Co., Ltd., 24-28 St. Mary Axe, 
Е.С. (4930 City.) 


Associates. 


Dunn, Percy WALTER; 15 Elmfield Road, Balham, S.W. ; and 
Messrs. Babcock and Wilcox, Oriel House, Farringdon Street, 
E.C. (5540 Holborn.) 


CHANGES OF ADDRESS. 


BREARLEY, C. A., с/о Frau Ouvrier, Grossbeeresstr 9411, Berlin, S.W. 

Evans, E. T., 25 Claremont Square, N. 

Grant, H. T., 1 Albert Grove, Park Board North, Acton. 

Ноі.коүр, J., 484 St. Clarens Avenue, Toronto, Canada. 

Номе, С. T., 56 George's Road, Farnham, Surrey. 

MaxiM, Sir H. S., Sandhurst Lodge, 382 High Road, Streatham, 
S.W. 

MirTCHELL, Е. G., 54 Morley Road, East Twickenham. 

Расе, J. J., 5 Winifred Road, Urmston, Manchester. 

PowELL, W. H., 2 Mill Sile Lane, Braunton, North Devon. 

SuLLIvAN, C. A., Esquimalt, Worple Road, Wimbledon. 

ТвЕУЕТТ, B., Station Road, Seaton, Devon. 

Trewsy, L., The North Middlesex Gas Company, The Broadway, 
Church End, Finchley, N. 

WiLLiAMS, С. G., 15 Deronda Road, Herne Hill, S. E. 


H.M.S. " THUNDERER." 


The Third Visit of the thirty-first session took place on Satur- 
day morning, 2nd December, to H.M.S. Thunderer, which was 
fitting at Dagenham, by kind permission of the Admiralty and the 
Thames Iron Works, Shipbuilding and Engineering Co., Ltd. 
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Under the guidance of Messrs. A. H. De Ritter, R. B. Ellis, and 
G. Macfarlane, the party was shown over the vessel, including the 
boiler room, engine room, powder and shell magazine, kitchens, 
stores, and the officers’ and men's quarters. At the conclusion of 
the visit, the chairman (Mr. Walter T. Dunn) expressed the mem- 
bers' appreciation of the action of the Admiralty and the Thames 
Iron Works Co., in permitting the visit, and thanked the guides 
for what they had done to render the occasion so interesting and 
enjoyable. Mr. A. H. De Ritter replied. The number present 
was 30. 


Messrs. OTTO MONSTED'S MARGARINE FACTORY. 


The Fourth Visit of the thirty-first session took place on | 
Friday afternoon, 29th December, to the factory of Messrs. Otto . 


Monsted, Ltd., Margarine Manufacturers, Southall, by kind per- 


mission of the Managing Director and Directors of the Company. . 


On arrival at the factory the party was split up into four sections, | 


under the guidance of Messrs. O. Ker, and G. Thompson. The Э 


whole process of manufacture was explained, beginning with . 


raw materials. Тһе first raw material 15 the milk, which | 


is received direct from the farmers in special milk trains twice 


every twenty-four hours, viz., noon and midnight. Immediately 


on arrival it is tested and a sample of each farmer’s milk 


is sent to the laboratories for bacteriological and qualitative ` 


examination. After the testing and sampling the milk is at 


once pasteurized, that is, heated up to a little below boiling ` 
point. It is immediately again cooled down to nearly freezing ^ 


point, at which temperature it remains until required for the sour- | 


ing tanks, when it is again warmed up to a moderate temperature 
suitable for the souring culture which is then added. When the 
milk has “© ripened,” it is again cooled down ready for the churn. 


The souring culture is prepared in the Bacteriological Laboratory, : 
and has to be done in the most scientific manner, as the flavour . 


of the whole of the production of margarine is practically depen- 
dent on this. 

The other raw materials are principally nut and vegetable pro- 
ducts, which have largely displaced animal fats, and comprise— 
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Refined Cocoanut Oil. 

Arachide Oil (Pea Nut Oil). 
Neutral Lard (Refined Leaf Lard). 
Refined Beef Suet. 

Double Refined Cotton Seed Oil. 

The most important of these is cocoanut oil, which has the 
greatest similarity to butter fat. 

The nut products and the ‘‘ ripened ” milk are now pumped into 
the churn and churned for various periods, until a fairly thick 
emulsion or cream is formed. This emulsion, as it leaves the 
churn, is spread out in very thin layers of about one-fifth of an inch 
thickness on two large drums, revolving at the same speed, but in 
opposite directions. These drums are cooled down by means of 
refrigerated brine to a temperature of about 14 deg. Fahr. The 
very thin layers of emulsion immediately crystallise on the drums, 
and are scraped off in thin flakes. The margarine is now stored in 
the maturing rooms, where it is kept for a certain length of time 
to enable the souring culture in the milk to permeate and flavour 
the newly-churned margarine. The subsequent operations con- 
sistin working, salting, packing, and are done on machines similar 
to those used for working butter, but of larger dimensions. 

The factory covers nearly 22,500 square yards and the number of 
employees is 1,000. About 40,000 gallons of milk are used weekly, 
and an output of over 1,000 tons is attained. 

At the conclusion of the visit, the members were entertained at 
tea; and Mr. Percival Marshall (Past Chairman) expressed their 
appreciation of all that had been done to render the occasion so 
thoroughly interesting and enjoyable. Mr. O. Ker responded. 


WESTERN ELECTRIC СО., LTD. 


The Fifth Visit of the thirty-first session took place on Satur- 
day morning, 20th January, to the works of the Western Electric 
Co., Ltd., at North Woolwich. The party was received by Messrs. 
H. M. Pease (Sales Manager), C. L. Rice (Works Manager), and 
G. H. Nash (Chief Electrical Engineer), and were conducted over 
the works in four sections, under the charge of Messrs. A. S. B. 
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Fletcher, T. F. Lee, Grace, A. Gayes, Allen and Bulloch respec- 
tively. 

The works have a riverside wharf at one end, and adjoin the 
Great Eastern Railway at the other end. The raw material is 
received at the wharf and passed through the inspection depart- 
ment to the stores. Adjoining the stores is the milling department 
and the punch press department. In the iron-working depart- 
ment, the parts of the steel frames of exchange and other switch- 
boards are prepared and then passed on to the switchboard frame 
assembly department. A very important department is the tool- 
making room, where there is a very fine equipment of turning, 
shaping, grinding, and milling machines, and gas-heated furnaces 
with electrical pyrometers for tempering the tools. The depart- 
ments next passed through were the drill-press and screw machinery 
department, the wood polishing and mounting department, the 
subscribers' set assembly department, and store for finished piece 
parts. In the general assembly room, the various components 
of the instruments are finally brought together, connected up and 
tested. The party then visited the switchboard-erecting shop, 
where the apparatus composing the switchboard equipment is fitted 
into place; and the process of building up cables is carried on. The 
cables are laid out over pins on boards, and are bound up complete, 
ready to be fitted into their places in the frames and connected up. 
In the coil-winding room, girls are employed in winding and test- 
ing coils for relays, etc., and armatures for magnetos. Adjoining 
the main factory is a building set apart for dipping, nickel-plating, 
mcetal-polishing, japanning and lacquering, each operation being 
carried on in a separate room. The equipment is very complete 
and efficient, the finish of the completed articles being of the 
highest excellence. 


It was in the cable factory of the Western Electric Company that 
the Persian Gulf cable was made, and the Atlantic cables were 
armoured. The shops passed through were the paper-covering 
shop, the impregnating room, the lead-press room and armouring 
department, the fitters' and carpenters' shops, instrument ware- 
house, general stores, and a special workshop for the small tools 
used in the works. АП the buildings are ''fireproof,"" and аге 
protected against fire by Grinnell sprinklers, for the service of 
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which there is a large elevated tank capable of holding 32,000 
gallons of water, and fed by special fire-pumps. ‘‘ Dey " time- 
recorders are used throughout the works, and are controlled elec- 
trically by a master clock on the synchronome system. 

At the conclusion of the visit, the members were entertained to 
refreshments; and the Chairman (Mr. Walter T. Dunn) expressed 
their appreciation of the courtesy and kindness that had been shown 
to them, and their thanks to the Managing Director and Directors 
for granting facilities for the visit to be made. Messrs. G. Bease 
and C. Rice responded. 


NEGATIVE ANGLE SIGHTING IN SMALL ARMS AND 
ARTILLERY. 


The Fourth Meeting of the thirty-first session was held at 
the Institution of Electrical Engineers, Victoria Embankment, on 
Friday, 19th January, 1912, Mr. James Swinburne (Past President) 
taking the chair at 8.30 p.m., the attendance being 290. 

The minutes of the previous meeting were read, confirmed, and 
Signed. 

The following new membership elections were taken as an- 
hounced :— 


Honorary Member. 


Alexander Richardson vss а London. 

Members. 
Henry Philip Allin das re Cambridge. 
Bernard Frederick Browne ... ds Santos, Brazil. 
Wilfrid Cory Charter ... re ju Sagua la Grande, Cuba. 
Horace Valentine Corfield ... divs Selhurst. 
Norman Dobbings ... is cin Jubbulpore, India. 
Charles Frederick Fowkes ... ae Peterborough. 
George Henry Goodman ... T Horsehay, Shropshire. 
Robert Peel Mears ... — iis Birmingham. 
Pandit Hira Lal д гга TE Bilimora, India. 
Percy de Maid Naylor is ies Bermondsey. 
Herbert Elphinstone Whyte... 4. Nottingham. 


Emanuel Henry Worms  ... ... Kensington. 
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Assoctates. 
Trevor Davies ...  .. es yas Wood Green. 
Percy Walter Dunn ... is 55% Balham. 


Humphrey Hulme  ... ise — Uxbridge. 
Cyril John Sarjeant ... ivi $5 Rugby. 
Charles Leonard Sinclair ... 85% Cricklewood. 
Charles Ernest Turner 225 pis New Cross. 
Leslie Turner ... 45% 54% is Birmingham. 
Transferred from Associate to Member. 
Godfrey Arblaster .. js oF Birmingham. 


A lecture on ‘‘ Negative Angle Sighting in Small Arms and 
Artillery ’’ was then delivered by Sir George Greenhill, which was 
followed by some experimental demonstrations by Mr. H. Om- 
mundsen. 

Moved from the Chair, and seconded by Mr. G. Wilson, a vote 
of thanks was passed by acclamation to the lecturer and Mr. Om- 
mundsen, and a discussion followed, in which Serjeant Hollick, 
Major Hardcastle, Major Richardson, Professor Forbes, and Mr. 
W. J. Tennant took part. 

Mr. Ommundsen having acknowledged the vote of thanks, the 
proceedings terminated with the announcement of the ensuing visit 
on Saturday morning, 20th January, to the Western Electric Com- 
pany's works, at Woolwich; the combined meeting with the 
Architectural Association on Monday, 12th February, at 7.30 p.m., 
when a paper on “ Bridges " would be read by Mr. Paul Water- 
house, M.A., F.R.I.B.A., and of the Annual Dinner of the Insti- 
tution on Saturday, 17th February. 


BIRMINGHAM LOCAL SECTION. 


The third meeting of the fifth session was held on Thursday, 14th 
December, 1911, at the Great Western Hotel, Birmingham, the 
chair being taken at 8.15 p.m., by Mr. F. A. Rollason (Member of 
Local Council). 

After the minutes of the previous meeting had been read, con- 
firmed, and signed, the Hon. Sec. read Major H. B. Strange's 
paper on ''Steel Specifications from the Commercial Point of 
View.” 


A cordial vote of thanks was proposed by Mr. J. E. Bown, and 
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seconded by Mr. J. G. Sweeney, and carried. Messrs. Wernham 
and Dorrington also joined in the discussion. 

With the announcement of the ensuing visit to the Midland 
Exchange of the National Telephone Co. on Tuesday, 19th inst., 
the proceedings terminated. 


VISIT TO MIDLAND EXCHANGE OF THE NATIONAL 
TELEPHONE CO. 

A visit was paid to the Midland Echange of the N.T. Co., on 
Tuesday evening, 19th December, 1911, at 7.30 p.m. The atten- 
dance was 13. 

The party was met by Messrs. Dipple and Grey, who conducted 
two separate parties over the building. 

The Exchange is arranged on the latest principles, including 
the ‘‘ Central Battery ’’ system, the signalling being by means of 
lamps, as described by Mr. A. S. B. Fletcher, vol. xxii. p. 116-7 
ante. The main frame in the exchange contains 15,600 lines and 

hasan ultimate capacity of 26,800 lines. The battery room contains 
12? acumulator cells, capable of sustaining a maximum discharge of 
1%) amps., which is about the current required during the '' busy 
hour’? between 10 and 11 a.m. Dynamos are installed for charg- 
ing the cells and also assist during the ‘‘ busy hour." The meter 
racks were very carefully explained (vide vol. xxii. р. 114 ante), 
including the method whereby the “ calling up ” subscriber only, 
Is registered with the call. At the Midland Exchange switch- 
boards, space is provided for 38 operators’ positions with ultimate 
extension to 91. There are 14 junction positions with a possibility 
of 42. The average number of calls per day per line is 11.8, per 
operator 763 (of which 109 occur during the busy hour) subscribers' 
lines. 

Calls per junction per day average 28. 

m Xe 355 per operator per day average 1,769. 

a. e "35 Уз - during busy hour average 117. 
Total average number of calls per day per operator, 811. 
The local chairman, Mr. E. E. Jeavons, proposed a vote of thanks 

to the guides for their trouble, and thorough explanations, to which 
Mr. Dipple suitably replied. The party then dispersed after having 
Spent over two hours on the visit. 
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FRIDAY EVENINGS. 
Foundry Work. 
On Friday evening, November 24th, 1911, Mr. Percy L. Young 
discoursed on ‘‘ Foundry Work." | 


In the daily routine of an iron foundry it is necessary to remove 
many of the castings poured overnight, to collect all scrap made, 
to mix and to moisten the sand, and generally to get things ready 
in advance of the moulders. This preparation work is done by 
labourers, who, in some London foundries, commence at 4 a.m., 
the heavier castings not being uncovered till later in the day or 
following day. 

In moulding, much time is saved by the use of a smooth work- 
ing pattern jointed in parts and having a slight taper of } inch in 
12 inches, where necessary. 

One of the many problems of the moulder is to be able to easily 
withdraw the pattern from the sand after it has been rammed up 
without damaging the impression. 

In the case of a pipe or column, the pattern is jointed length- 
wise at the point of maximum diameter, the halves being dowelled 
together, and with the backs of the flanges tapered in the direc- 
tion of their depth in the sand for easy withdrawal. Core prints 
are attached, and all is worked to a contraction scale. 

As pipe diameters are internal measurements, every variation of 
thickness means a corresponding number of patterns, although 
the size of pipe does not alter, and which, in the case of bends 
or tees, is an expensive matter. On the other hand, column 
diameters are external measurements, the different thicknesses of 
metal being allowed for when spinning the core. ; 

In greensand moulding a facing sand is used composed of 
about equal parts of new sand and old sand (taken from the floor) 
plus 10 per cent. of coal dust. This, when rammed against the 
pattern, forms a facing of 4 inch to 1 inch thickness, and is backed 
by the black floor sand. 

The mould has to be rammed sufficiently hard for it to retain its 
form under the pressure of the molten metal, while at the same 
time it has to be equally porous to permit of all gases freely 
escaping and which is materially assisted by venting. 

By the entrance of molten iron at a temperature of 1300? to 
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1400° C. into the mould, steam, superheated steam, and coal gas 
are generated, which, with the imprisoned air, must find a ready 
exit or damage to mould and injury to workmen will result. 

The presence of coal dust provides a supporting film of gas, 
which prevents the metal while liquid from burning into the walls 
of the mould, and at the same time its coking action hardens the 
surface of the sand. 

The working of the cupola, shrinkage, and other practical 
points, were touched upon, and many examples of iron and 
foundry materials were shown. 

Mr. Wm. G. Kirkaldy produced a few interesting fractures of 
cast iron, and mentioned that he had obtained some reliable tests 
of its hardness by the Brinell testing machine. 


The Man«ufactare of Electric Glow Lamps. 

Mr. C. Beaven, in Parts II. and III. (29th December, 1911, 5th 
January, 1912) of this subject, dealt with the manufacture 
€ carbon filaments. After leaving the carbonizing furnaces, the 
carbonized filaments аге now separated, and each filament is 
measured by a special micrometer gauge to ascertain its diameter; 
the length having been measured, they are then passed to the 
"fashing '' operators. The flashing process consists in coating 
the filaments with deposited carbon by raising them to a high 
temperature in hydro-carbon vapour by the passage of an electric 
curent through them. The object of ''flashing "' is to reduce 
the filaments to the required resistance and to make them of 
uniform sectional area. 

"Foot °’ Making.—The tubular glass stem into which the wires 
are sealed and on which the filament is mounted is termed the 
"foot." Glass tubes of the required diameter, cut by automatic 
machines to the required length, are flanged at one end to form a 
trumpet-shaped base. The flanged tubes are placed in machines 
and the leading-in wires passed through them till they project a 
suitable distance beyond the plain end of the tube, a blowpipe 
flame then melts the end of the tube, which is then gripped by a 
Pair of jaws and forms the flat “ pinch "' seen at the upper end 
of the tube. The ''leading-in " wires, before being inserted in 
the glass tubes, are prepared by fusing the platinum on to the 
Copper wire. In some cases the platinum- wire is tubulated a: 
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one end before being joined to the copper wire. The '' foot ” is 
now ready to receive the filament. 

"Mounting" or ‘‘Burning-in.’’—Filaments are next joined to 
the platinum ‘‘ leading-in ’’ wires by electrically deposited carbon 
at the junction of the filament with the wires. The two ends of 
the filament and the ends of the '' leading-in ' 
an apparatus in such a way that the points of contact between the 
wires and filament form part of an electric circuit ; the apparatus 
is then immersed in a vessel containing benzine or other hydro- 
carbon liquid, a current is then switched on, and the heat 
generated at the point of contact is sufficient to decompose the 
benzine and cause a deposit of carbon round the joint. The 
amount of carbon deposited is regulated by the operator. 

A paste composed of fine graphite mixed with a binding 
material is sometimes used. Тһе joints are pasted with this 
material, and afterwards baked to harden the joint. 


' wires are held in 


Bulb Making.—All glass bulbs for the standard sizes of lamps 
are formed in cast iron moulds in much the same way as in bottle 
making, but special sizes and shapes, which are generally only 
required in comparatively small quantities, are blown by hand 
from glass tubes, in which case they are formed with an opening 
at one end, ready to receive the ‘‘ foot,’’ and at the other end with 
a very small hole, terminating in a small tube about 3 inches long. 
The standard sizes of moulded bulbs are provided with an opening 
at one end only, to which is attached a long neck of surplus glass. 

Stemming.—A fine hole is pierced in the closed end of the bulb 
by a sharp pointed blow-pipe flame and a small glass tube fused 
to the opening and afterwards drawn down near the point of 
attachment to form a very small neck for convenience in sealing 
the bulb after the lamp has been exhausted of air. 

Neckcutting.—The long neck of glass at the other end of the 
bulb is cut off at the required point by revolving the bulb in a 
suitable machine against sharp-pointed blow-pipe flames which 
melt off the surplus glass, the point at which the neck is cut off 
is then flared outwards to form an opening large enough to admit 
the glass '' foot ” with the filament attached. 

Sealing-in.—The bulb and the '' foot ’’ are placed together in 
machines which hold them in position with the edge of the flange 


THe MANUFACTURE or ELECTRIC GLow Lamps. 197 


on the ‘‘ foot ’’ in contact with the edge of the flared opening in 
the bulb, the edges are fused together by blow-pipe flames, the 
bulb and foot revolving during the process. 


‘““Pumping.’’—Lamps are exhausted of air and gases by the aid 
of mercury sprengel pumps (a description and explanation with 
diagrams of which was given) or by mechanical pumps assisted 
by a chemical for combining with the remaining traces of air to 
form a solid. Both methods have their special advantages for 
certain classes of lamps. 


The lamps are attached to the pump by the small glass tube 
already mentioned ; as soon as all air has been exhausted, an 
electric current is passed through the filament ; the effect of this 
is to drive out from the filament and joints all the occluded gases. 
The lamp during this part of the operation is heated by bunsen gas 
flames to quicken the process. The lamps are afterwards sealed 
by fusing the small neck of tube near the bulb, this forms the small 
рр usually seen on lamps. 


Testing.—The lamps, as received from the exhausting room, 
are subjected to a severe test known as '' sweating.’’ They are 
Suspended on racks by the ''leading-in " wires, and a current 
about 30 per cent. higher in voltage than that for which the lamps 
are designed, is passed through them for a considerable time, in 
order to thoroughly test the exhauster’s work. Lamps which 
develop faults under this test are condemned and broken up. The 
vacuum is further tested by discharging a high tension current 
through it by connecting both ''leading-in °’ wires to one pole of 
the high tension supply, the circuit being completed through the 
glass portion of the lamp ; should any gas be present in the lamp 
it will be indicated by a coloured discharge in the bulb, the colour 
varying according to the nature of the gas. 

Photometry.—Various methods of photometry were described, 
including the fixed, rotary, mirror, and flicker systems. The one 
most generally used being the rotary type, as this gives the mean 
horizontal candle power of the lamp. In measuring lamps by the 
fixed or non-rotating method the candle power may be made to 
vary within wide limits, depending on whether the convolutions of 
the filament are placed edgewise or broadside towards the photo- 
meter screen. Bv revolving the lamp with its major axis at right 
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angles to the direction in which the candle power is measured the 
mean candle power is obtained. 


Capping and Marking.—After photometry, the lamps are classi- 
fied and marked according to voltage and candle power, and 
branded with the maker’s name. This simple operation is done by 
the aid of rubber stamps and hydrofluoric acid, the lamp being 
slightly warmed to assist the action of the acid. The brass caps 
are secured to the lamps by a special mastic cement after the 
*' leading-in ”” wires have been threaded through holes in the con- 
tact plates and soldered. The capped lamps are placed in steam- 
heated drying rooms, in order to dry out all moisture from the 
cement. Obscured lamps are treated by sand blasting the por- 
tions required to be obscured. Obscuring is sometimes done by 
treating the lamps with hydrofluoric acid. 

Metal Filament Lamps.—A short description was given of the 
early methods of the manufacture of metal filament lamps and the 
reason of failure of lamps run on alternating current circuits, while 
similar lamps run on direct current circuits were quite satis- 
factory. 


Specimens of lamps and parts in various stages of completion 
were shown, and at the close, a series of lantern slides were shown 
on the screen illustrating the various departments and processes 
in a well-known lamp factory. 
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NEGATIVE ANGLE SIGHTING IN SMALL 
ARMS AND ARTILLERY, 
By SIR GEORGE GREENHILL (Vice-President). 


Read 19th January, 1912. 


The method of Sighting brought before your attention this even- 
ing is designed to dispense with Range Finding. 

In a recent article in Country Life, on “ The Rifle in War,” 
by an officer of the School of Musketry, it is stated :— 

"Judging Distance is perhaps the most important lesson to 
be taught "—and——'' in War, the value or otherwise of our Fire, 
will depend on the ability to estimate correctly the Range to the 
Target. "' 

But a system of Sighting for Small Arms and Artillery will 
be described, which will indicate that, ever since the introduc- 
toa of firearms, the method of sight construction for the battle- 
fed has been wrong. | 

Hitherto the requisite elevation of sighting has demanded a 
correct estimate of the Range. 

But the method to be explained requires, instead, an estimate 
of the Height of the. Target, thereby doing away with Judging 
Distance. It enables one Fixed Sight to work over an extended 
range against a moving enemy. 

In rifle fire, for instance, it will work over a range from 150 
Yards up to, say, 700 yards; and this the military writer in Country 
Life puts down as an extreme range in warfare for the infantry. 

An alternate fixture of the rifle sight is provided for the snap- 
Shooting at a prone enemy at a shorter range of, say, 50 yards 
to 400 yards; which is advocated by Lord Roberts as the fire 
which will be decisive in a modern battle. The battle of the 
future, according to Lord Roberts, will be won by snap-shooting 
àt a short range. 

The Negative Angle System, as it is called, is shown in the 
following diagrams. 

The actual trajectory of the present service rifle with Mark VI. 
ammunition, and having a culminating height of 11 feet, with a 
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time of flight of one second and two-thirds, is shown to scale 
in Fig. 1. 

But, as can be seen, the curve is so flat as to be undistinguish- 
able from the ground, within the thickness of the line. 


FIG: 
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So in Fig. 2 the vertical scale is stretched 40 ог 50 fold, and 
the conditions required for a hit on a target, 54 feet high, repre- 
senting a man advancing on foot over the ground, will now be 
discussed. 

A horizontal line C D at this height above the ground O R 
will cut off, at each end of the trajectory, a danger zone, so 
called because the bullet will catch the target anywhere in one 
of these zones, so long as the line of sight is in O R. 

The middle part of the trajectory 1s then the safety zone, where 
the bullet flies harmlessly overhead. 

Now the object of the principle of this new method of Negative 
Angle Sighting is to convert this safety zone into a danger zone 
again and so utilise the major part of the trajectory. This zone 
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Ес, formerly the safety zone, is about 70 per cent. of the range 
OR, assimilating the trajectory O V R to a parabola with a vertex 
V, ata height V H of 11 feet. 

To make sure, then, of hitting the target anywhere on F G, 
the Negative Angle System of Sighting is introduced. 

À horizontal line A A is drawn five feet and a half below the 
ground; and with the sight still fixed for the 11-foot trajectory 
ОУК, the line of sight is brought into the direction О М, where 
N is on the line A A, vertically below the target at M T in Fig. 2. 

This gives an angle of depression MON, increasing appro- 
priately as the target advances, which will bring the bullet on to 
the target again, whatever the range on F G. 

In the terminology of Gunnery, the tangent elevation of the 
sight remaining fixed, the quadrant elevation is diminished by the 
subtraction of this angle of depression, called in consequence the 
Negative Angle. 

The bullet now strikes at О, vertically below P, where P О-- MN; 
ad а hit is made on the target wherever it is situated between 
Fand С; С and Е are vertically below С and D on OP К where 
itis cut by the horizontal line C D, 5 feet 6 inches above the 
ground. 

That is to say, the rifleman aims now, not at the target, but 
ata point N below the ground, which he estimates at a depth 
equal to the height of a 54-foot target. 

lt is as if the man target was advancing over a shect of reflect- 
ing ice, and the aim was taken at the head of his image, inverted 
by reflexion. 

In this Negative Angle method of shooting, the path of hits on 
the target T M over the range Е С is shown by the dotted line 
GUF, as though the old safety path CVD had been drawn 
down vertically a distance УЧ =$УН in Fig. 2. 

The intersection of the target M T with the path of hits G U F 
at Q will show where the bullet strikes, when the line of sight 
is pointed at N below, on the lower horizontal line А А. 

For the greater part, in the middle range of Е С, the bullet 
Strikes high up on the target, but never goes so high as to fly 
Overhead, 


It is only at the end near F that the bullet strikes low on the 
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target; a marksman can then correct his aim. If the target 
retreats beyond F, the marksman finds himself reverting gradually 
to the old system of aiming on the target, higher and higher as 
the target reaches R, and beyond. 

The essential principle of the Negative Angle idea is seen then 
to do away with the need of Estimation of Range within wide 
limits. 

According to the latest instruction in Musketry at Hythe, given 
by the writer in Country Life—'' Among untrained men, the 
usual percentage of error in judging the distance is about 25 
per cent. of the actual range; whereas in all armies the percentage 
to be expected from trained men is 15 per cent.; and among 
experts considerably less."' 

For the snap-shooting, at a short range, advocated by Lord 
Roberts, where the target would be a man lying down prone, say 
a target 18 inches vertical, the trajectory O V R would be selected 
for a culminating height of 3 feet, and the same principle em- 
ployed of Negative Angle Sighting, aiming 18 inches below the 
target. 

It was claimed as a great advantage of our military rifle that 
a fixed sight would serve practically over a range of 500 yards, 
aiming on the ancient principle. 

But with most of the fighting carried out in South Africa, as 
Lord Roberts has described, this fixed sight made our men miss 
infallibly at the short range with the small target, 18 inches 
vertical, of a man lying down. 

So far, then, we have shown that with a fixed sight and its 
trajectory, the former safety zone of a target, half the height of 
the vertex, is converted into a danger zone, by aiming at a point 
below the target equal to its height, and then no distance judging 
is required. 

Mr. Ommundsen has introduced a modification of this inven- 
tion of the Negative Angle Sight; and it is very appropriate that 
these ingenious and valuable ideas should originate from a King's 

Prizeman, and one who has been high up in the contest on 
several other occasions. 

He turns the back-sight at B upside down, as in Fig. 8, and 
callipers the target visually between EO and EB, the line of 
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sight through the fore-sight at O and back-sight at B, directed 
at the foot and head of the target. The eye E must now be placed 
at a distance EO from O double the distance b O of the back- 
sight B b. | 

In this way he lays the rifle in practically the same way as 
before, where the line of sight B O was directed at N in A A. 

For, if the eye is brought to E on the line O M, and if the back- 
sight Bb is midway between E and O, the line E B is parallel to 
ОТ, and so the line of sight Е В is directed at Т’ instead of T, at 
a height T T/—2 B b. 

The diagram of Fig. 8 has to be drawn out of all proportion, 
but with an angle of elevation of the sight of about 1 deg., and 
Е О taken as one yard, T T’ is about sixty hundredths, 0.6 inch, 
on the gunner's rule that an inch or halfpenny subtends a minute 
at 100 yards; and while M T was taken at 5 feet 6 inches, E O and 
EB calliper a target 0.6 inch higher. A hit will then be made on 
this target anywhere between F and G, just the same as before 
when aim was taken at №, over the sight B and О. 

Mr. Ommundsen’s principle of the Negative Angle should 
appeal at once, not only to the rifle shot, but to the naval gunner, 
Whse instruction was always to fire at the water line. 

Now we tell him to fire below the water line, at a point as much 
blow the water as the freeboard of his target is above; and then 
lt cannot miss within a considerable range, without any assistance 
от his Range Finder; whereas formerly he required the Range 
Table to tell him in a column the number of yards within which 
the range must be known so as to hit a target 10 feet high, or 
30 feet, 10 yards high. 

The vertex of the trajectory in Fig. 2 is placed at double the 
height of the target, for simplicity of explanation; but this does 
not exclude another ratio from being employed in the Negative 
Angle System of Sighting. 

Raising the naval target to a battleship freeboard of 32 feet, 
In round numbers, and using the sight fixed for a 64-foot trajectory 
with a time of flight of 4 seconds, a 6-inch gun could fire at any 
range up to about 2,400 yards; a 12 or 13 inch to double range 
Dearly, 


But at an enemy ship alongside, with a freeboard estimated at 
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16 feet, the aim with the same sight would be changed to a point 
below the deck estimated at a depth of four times the freeboard; 
or else, in callipering the 16-foot target, the eye at E would be 
placed at a distance E О four times b О. 

The path of hits G U F of Fig. 2 would now occupy the middle 
half of O R, say, between 2,100 and 700 yards, with a 6-inch gun. 

On land, with field artillery against mounted men, the vertical 
target is estimated at 8 ft. 6 ins. 

A 17-foot trajectory of the 15-pounder field gun employed in South 
Africa would be a range of 900 yards. Aiming as in Fig. 2, an 
advancing line of mounted men would come under fire at 750 yards, 
and traverse a danger zone up to 150 yards. 

But using the sight fixed for a trajectory of four-fold height, the 
danger zone for the advancing line would lie between 1,350 and 
450 yards; aim being taken below the head at a depth four-fold 
the height of the target, or else callipering with E O four times b O. 

On a battleship the complication of a telescopic sight can be 
carried to an extreme perfection, impracticable with the rifle of 
an infantry soldier. There the Ommundsen principle can be 
pushed to its full extent; and the fore-sight, back-sight and tele- 
scopic sight can be placed so as to work for any other ratio suitable 
in naval gunnery. And the naval gunner can make certain of a 
hit when he callipers the target between the two sights, or else aims 
direct at a point N a certain distance below the water line. 

The principle should appeal at once to the sportsman, in its 
application to Big Game Shooting; especially to the True Sports- 
man, who will never take a long shot when he cannot make 
sure of hitting a vital spot. 

A celluloid strip, pivoted at О, with the trajectory ОРКЕ en- 
graved on it, will show to the eye the essential principle. When 
the straight line O R is turned into the direction ON, the tra- 
jectory cuts M T in Q, and acts as required. 

On a large wall diagram, a bow O P R may be used, made up 
of splines spliced together, and bent to the desired curvature by 
the cord О К. (А bow made of aluminium was shown in action.) 

The only theoretical principle assumed in the explanation 1S 
the Rigidity of the Trajectory; in French—l’hypothése de la 
rigidité de la trajectoire; in German—Schwenken der Flugbahn. 
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It is assumed that the change of shape of the trajectory may 
be ignored for a slight alteration of the line of sight; as, for 
instance, in firing up or down hill. 

And there is no need to restrict the ground O R to be horizontal, 
but it may have any moderate slope such as found on the surface 
of the Earth. This can be shown by pivoting the diagram sheet 
of Fig. 2 about O. 

The principle of Rigidity is useful in other ways, as, for example, 
in finding the angle of descent; for if т’ change of elevation 
alters a range of R yards by т yards, the angle of descent ¢ in 
minutes is given by 

ф- E. 
у 


This is only another shape of the formula for the radial angle ф, 
as gtven in the Differential Calculus, by 


tan $ = Ө 


in which 40 and ф may be replaced by their expression in minutes, 
Wand ф’. 

Xen in Fig. 2, with the target at Е and N below, the 
itease 7 of range is F R when the line of sight is raised from 
ОХ о OR, through т’, the angle of depression MON; and 
41$ or tan D RF is practically 


FD or R tan m 


R 
FR Y y 


when $ and m are small, and given in minutes. 

Here is a typical application of the Calculus, in an approxi- 
mate form, to a practical problem. 

But the young engineer must not suppose, as many do in 
Consequence of imperfect teaching, that there is any error or 
approximation in the Calculus itself. 

When we meet with such a young heretic and he refuses to 
be convinced, one way of argument is to agree with him in his 
error, and to allow that there is an error, but that in the Calculus 
the error is zero. 


Mr. Ommundsen has prepared some familiar experiments in 
illustration of his principles, and so, with your permission, Mr. 
Chairman, he is asked to give them, with his own description. 
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By H. OMMUNDSEN. 


It is unlikely that anything can be added by way of amplification 
to the very lucid description we have just listened to, but it might 
be interesting to see the mechanical demonstration suggested by 
Sir George Greenhill in the course of his lecture. Before showing 
this, however, perhaps you will allow me to give a com- 
parison of the old method of shooting and the Negative Angle 
System. 


For this purpose he has prepared three diagrams. Fig. A is 
an illustration of the old method of shooting. The straight line 
OR represents a battle range of about 700 yards. The enemy 
having appeared at R, the force stationed at O have to estimate 
the distance or range and adjust their sights before firing. If the 
estimation of range be 15 per cent. too little or too much, this 
amount being the best that can be expected from trained men, or 
if the sights be incorrectly adjusted to this extent, the enemy will 
be completely missed. But even assume that the estimation of 
range has been exactly right, and that the sights have been cor- 


F/c.A 
E a у Т нн. 2 
AERE. SAFETY ZONE. ЕЕ en] 
0 с H 7 
Ғс.8 


Же DANGER гом. | | 

n ud ee ee 5 
^ : 

Ж 


NEGATIVE ANGLE SIGHTING. 207 


rectly adjusted “а consummation devoutly to be wished,” though 
perhaps never realised, even then if the enemy advance to the 
point M the fire wil Ibe ineffective unless the range is re-estimated 
and the sights re-adjusted. If through flurry or inadvertence the 
sights are not re-adujsted, the enemy could advance with impunity 
right up to the point C. 


Fig. B shows the comparative effect of the new Negative Angle 
method. OR is a range similar to that on Fig. A, with the enemy 
at R. The trajectory previously selected has been stated at twice 
the height of D R, or 11 feet. The angle of elevation necessary 
is the angle as for Fig. A plus the angle of depression R O N which 
Is our negative angle. 


The sight line would, as Sir George has stated, be directed at N 
and not at К as in Fig. A. If we assume, for convenience of illus- 
tration, that the sight line O N is constant, and always at a depth 
equal to D R below the target, we can, by drawing the line GR 
parallel to O N, arrive at the extent of danger zone under the 
negative angle system as compared with the old method shown 
n Fig. А. 


Fig. C might be called a composite diagram of the two systems. 
OR is the range as before, the target being D R. Under the old 
method the angle of elevation would be set to project the bullet 
along the line O T R when aim was taken at R. Under the nega- 
tive angle system, if aim were taken at R the bullet would follow 
the line O V D (the height from V to H being double the height 
of the target D R), but as aim would be taken at N the bullet 
would take the same line as under the old method of shooting, viz., 
the line O T R, the trajectory having, as it were, been swung down 
frm OV D to OTR. As the target advanced towards O the 
swinging process would be more pronounced and the trajectory 
OV D would always intersect the target at the points indicated by 
the line G U R, which has been rather neatly termed ‘‘ the path of 
hits." 


It will be seen then that whereas the old danger zone was M R, 
the negative angle danger zone G R is at least four times greater. 


Before concluding the writer would like to relate an experience 
of his to show the respect in which distance judging is held by 
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rifle experts. Some years ago he happened to be in Australia and 
attended a rifle meeting at Sydney. Included in the programme 
was an Aggregate Competition made up of three so-called Service 
Competitions. One of the Service Competitions was eight shots 
at a circular disc which bobbed up eight times for three seconds 
each time at a known distance of 300 yards. The bulls-eye was 
only 8 inches in diameter, and the points obtained for hitting this 
mark in three seconds were 5 per hit. The second competition 
was at a moving target representing a crouching man running 
between two protected points. Тһе range was known, 200 yards, 
and five points were given for each shot within the central bulls- 
eye, 8 inches in diameter. 


The third competition was quite different. The competitor took 
up position on a firing mound and a target no less than 4 feet 
square appeared in front of him at an unknown distance. It was 
exposed for 40 seconds, during which time the competitor had to 
estimate the range, adjust the sights of his rifle, and fire one shot. 
The target then disappeared and after a short interval another 
target appeared at a different point, remaining in sight also for 
40 seconds, during which the competitor had to re-estimate the 
range, re-adjust his sight, and fire one shot. This process was 
gone through four times in all and the distances were between 
about 200 and 700 yards. For each hit on the 4-foot square target 
the competitor was awarded 20 points. And the results showed 
that they were well earned, for he does not believe 10 per cent. of 
the competitors struck the target at all. 

Needless to say, he did not have a negative angle sight in 
those days, or he might have had an interesting sequel to relate. 
Indeed, with a negative angle sight it would have been rather 
difficult to make a miss. 

Turning to the callipering method described by Sir George, 
the principle is the varying visual angle proceeding from the eye 
and embracing the objective or target, the angle varying in much 
the same way as in the case of the negative aim. The angle 
embracing the nearer figure is much greater than that embracing 
the other, and this variation is utilised in the manner described by 
Sir George to obtain an automatic increase of elevation with 
distance. 
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DISCUSSION. 


The Chairman (Mr. James Swinburne, F.R.S., M.Inst.C.E.) 
remarked that the Institution seemed lately to have gone along 
artillery lines very largely. It was not long since it had the honour 
of having no less an artillery man than Mons. Gustave Canet as 
its President, and the members may also remember having a very 
interesting lecture by Sir Trevor Dawson on Modern Artillery. 
Now it is following on the same lines by having this very im- 
portant and very interesting paper on Negative Angle Sighting 
Before beginning the discussion, which he though ought to be 
most interesting, he could not help feeling that some of those con- 
versant with the accuracy of modern naval sighting would have 
something to say with regard to this proposed way of dealing 
with naval sighting. He thought also there might be some who 
would object to the present method being regarded as the ancient 
method. In the meantime, he proposed a double hearty vote of 
thanks; one to Sir George Greenhill and another to Mr. Ommund- 
sen, and he hoped they would both be passed at the same time. 

The vote of thanks having been seconded was carried with 
acclamation. 

Sergeant Hollick asked if the inventor claimed that if the nega- 
uve angle sighting was added to the present regular army short 
rifle, it would restore to that weapon the advantage that was taken 
from it by doing away with the fixed sight He would also like 
to know if he claimed that with the charger-loading Lee-Enfield 
the adjustment of the arm was necessary when a man rose and 
advanced towards you, and then lay down again. Another point 
that appealed to the speaker was whether the inventor had anti- 
cipated there would be any difficulty with instructors teaching 
men to maintain a consistent aim when using an indirect aim- 
Ing point. 

Major Hardcastle remarked that he had known Sir George 
Greenhill for a great many years, and he first heard of this 
invention about a year ago. One of Mr. Ommundsen's friends 
showed him a diagram and asked his opinion as to whether it 
was geometrically sound. Of course the diagram showed him it 
was geometrically sound. 

In his lecture Sir George quoted ‘‘ Country Life” for saying 
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that the usual percentage of error in judging distances was about 
25 per cent. among untrained men and about 15 per cent. among 
trained men. He thought it was quite possible the decimal point 
has been put in the wrong place. Sir George’s 25 per cent. might 
have been 2.5 per cent. or .25 per cent. In his opinion it ought 
to have been 250 per cent. 

Sir George said that the way to look at the matter was to con- 
sider the object was a man walking about on a smooth sheet of ice 
and that he was going to aim at his head inverted. It was always a 
bother to think of a thing upside down. The way he (the speaker) 
thought about it was to think the object was standing on stilts 
the same height as himself. If a man was 5 ft. 6 in. and he was 
standing on 5 ft. 6 in. stilts he would still go on aiming where he 
touched the ground, but he would put his sight up as though he 
was going to have ап 11 ft. trajectory. 

Prof. Forbes, on being called upon by the Chairman, said 
that he had never known a word about this invention until he 
came into the room that evening. He therefore thought Sir George 
Greenhill would appreciate the joy with which he occupied the first 
few minutes before he (Sir George) came into the room in reading 
over the very interesting paper. The first thing to be said by any- 
one who had studied the question, certainly of infantry firing and 
range-finding, was a feeling of hearty congratulation to Mr. Om- 
mundsen. The question of the application of this invention to 
infantry firing, artillery and field firing, and to naval battleships 
was a question which was hardly fitted to be discussed in that 
room after having read the paper only five minutes before the 
meeting. But he was perfectly certain that when an invention of 
that importance was brought before a meeting of that character 
by a lecturer who was known as one of the very greatest authorities 
on the question of gunnery and bolistics, and was presented by 
the inventor, who was known as one of the first rifle shots in the 
country, there could not be the slightest doubt that every depart 
ment of the Government, every man interested in gunnery and 
range finding and bolistics would be studying the question with the 
light Mr. Ommundsen had thrown upon it for a long time to come 
There were some things in the paper which one hesitated to 20766 
with entirely straight away, but his opinion about its use—that 
was, if the opinion of one who had had such a short time to СОП" 
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sider it was worth anything at all—for the infantry rifle, for which 
Mr. Ommundsen had specially designed it, was that he had very 
little doubt that it had really solved the problem for that purpose. 
He spoke as a man who had been studying the question for years. 
It would not be safe to say how many thousands of pounds he had 
spent on perfecting the shooting in our country with a rifle. He 
had spent a great deal of time and a great deal of money upon it, 
and he did not hesitate to say that he believed that for the distance 
at which practical shooting would take place in real warfare Mr. 
Ommundsen’s invention was in front of anything that had been 
done in the past. There were some points about which he was not 
quite so sure. As to its application to artillery, he was not so 
certain about that, because it seemed to him that with guns that 
have a very great range indeed, there was a certain fixed elevation 
which was given to the trajectory, and that must vary to a certain 
extent with the range at which you were shooting. With the 
rifle, with its low trajectory and the moderate distances at which 
battles were likely to take place in the future, he thought this 
would not matter materially; but with artillery there must be some 
idea of the range and the elevation must be fixed in some way. In 
te Boer War, most of the shooting was done at between two 
thousand and three thousand yards. Very few hits were made, 
and the great difficulty there was, undoubtedly, in fact, the whole 
difficulty of shooting in South Africa, was the difficulty of estimating 
the distance. It was on account of the enormous difficulty that 
there was that he personally set to work to improve the range- 
finders, and at Lord Kitchener's request he went out to South 
Africa. The last speaker had said that the error of non-experi- 
enced persons might be 250 per cent. He endorsed that opinion 
most emphatically, except that he had probably understated the 
matter. In a clear atmosphere if you had nothing to guide you, 
no pains could judge of the relative obscuration of distances, and 
with nothing in the way of features of the landscape to judge of the 
different distances, the error of the most skilled will amount to 
400 per cent. He supposed he was the first person to test this in 
South Africa, and over and over again he set the most skilled men 
who were selected out of their battalions as the most skilled 
range-takers. 
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Major Richardson remarked that in target shooting and in 
military instructions he had always been taught to aim at the 
object he had to hit; but in practical shooting, game shooting, and 
also in the running and moving competitions, of course, he was 
taught to aim off. He thought that those who have had twenty or 
thirty years’ experience knew how exceedingly difficult it was to 
hit a given object when the range was not known, especially in a 
varying light and in climates to which you were not accustomed, 
such as Australia. The speaker thought they were not approaching 
anything exceedingly difficult, but something they had practised all 
their lives. They had always been taught to aim at the feet 
and aim off. They never quite understood why, and he thought 
it would make their shooting very much easier in the future. 
Theorists and the public always talked about shooting as if every 
shot fired hit something. As a matter of fact, when you come to 
between two and three thousand yards it is very difficult to hit, 
and anything that would improve our shooting would be of 
enormous importance to those who practice it. If our troops were 
taught to shoot by any system which would enable them to double 
their hits, they would be the deadliest troops in the world. 

Mr. W. J. Tennant said that a great deal of credit had been 
given to Mr. Ommundsen for his important discovery, and he 
thought it would be agreed that it was a landmark in the history 
of marksmanship. Every item of credit that could be possibly 
given to him was certainly his due; but a certain amount of credit 
in connection with the meeting, at any rate, had gone in the wrong 
direction. For the past few days he had been reading press 
notices in which the Institution of Electrical Engineers had been 
credited with the introduction of this very important mprovement 
to public notice. They were excellent friends with the Institution 
of Electrical Engineers, and they were very glad to have their hand- 
some hall to meet in; but he wished it to be distinctly understood 
among those who were members of their Institution that the 
credit of introducing this method was due entirely to the Junior 
Institution of Engineers and not to any Institution of Electrical 
Engineers. 

Their distinguished President, Sir Joseph Thompson, confessed 
a little time ago that he found a great deal of satisfaction in reduc 
ing his physical concepts to the form of mechanical models. 
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He hoped that by repeating his confession he had not blasted his 
` character for all time in the mind of such a mathematician as Sir 
George Greenhill. But he, also, was one of those who derived a 
great deal of satisfaction out of a model, and he would like to refer 
to one which had been to a large extent prepared at his instigation. 
Of course, it must not be imagined that the new method of marks- 
manship was going to make them all into King's prizemen, but it 
would have an enormous effect on the capabilities of the weapon. 


7 
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Mr. Tennant went on to say that the first diagram, which repre- 
sented the sight line S L and a given trajectory T, if held horizon- 
tally, would give an illustration of what would happen with the 
old method of aiming where the object to be hit was at L. If the 
range was estimated correctly and the line of sights laid on the foot 
of the object—it was estimated, say, 700 yards—the line of the 
trajectory T should intersect this line S L at 700 yards, and if the 
object was there he would be hit; but if he was beyond 700 (say 
at O) he would be missed, except for ricochets. If he was within 
the 700 yards range up to the point P he would be hit; but if he 
was any nearer the marksman, that was to say, if he got into the 
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Shaded zone, he would be missed. The bullets would fly over 
his head. Now, there was a very small percentage PL of the 
total range in this particular instance in which the object would 
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be vulnerable. But it was very different when you came to Mr. 
Ommundsen’s system. Mr. Ommundsen had formulated quite a 
simple rule for laying out the fundamentals of what one may term 
the Ommundsen diagram. (See second diagram.) The dotted line 
was imagined to be upon the ground, and another line of reference, 
that was, the line to be aimed at, to be a straight line A B parallel 
with the ground at a distance below the ground. This gave the 
simple relationship in the case of the Ommundsen diagram, that 
the distance from the line of reference A B, the level of which the 
marksman chose to suit himself—the distance a from the line 
of reference to the ground line plus the height b of the target 
(that was, 5 feet 6 inches from the line of reference to the ground)— 
those added, whatever they might be, would represent the height 
C, which should be the height of the trajectory and above the 
sighting line. It might sound paradoxical and absurd, but it had 
a large element of truth in it, if one said that the great point about 
the Ommundsen method was that the sights were set wrong, the 
target was not aimed at, and it was not necessary to know the 
range. The weapon was converted into a range-finder, and the 
shooter did not need to know the range except that it was within a 
certain maximum, for the rifle took care of the range itself, as 
he would endeavour to show with the aid of the second diagram. It 
was assumed that the image M represented an object, 5 feet 6 inches 
high, marching from B towards A, the height of the trajectory T 
was determined and made up by the distance from the line of refer- 
ence À B to the dotted ground line, plus the height of the target, 

that was 11 feet in all. (The speaker here interposed a remark to 
the effect that the dimensions were not limitations, they were merely 
illustrations.) The height of the target might be anything, but 
wherever the man was within the shaded range, the line on which 

the sights were originally set would be directed to a point m below 
his feet. The line of aim would be directed through his imaginary 

head. According to Sir George Greenhil he was inverted; he 

was standing on his head, to all appearances, and the line of aim 

was directed through this point, and by directing the line of aim 

through this point the shot would pass through his body. If he 

was taken a little nearer, say to M 2 and the line of aim was directed, 

without altering the sight, to the point m 2 below M 2, the trajectory 

would still pass through the object. 
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There was no range lost between P and L in the first diagram. 
If a longer maximum was wanted a somewhat longer original 
trajectory would be selected. Тһе speaker wished to bring just 
one other point to the notice of the meeting, and that was, that 
Mr. Ommundsen, having a mathematical mind, liked to refer tu 
this method as the negative angle method. By the old method, a 
certain point on the object was aimed at. But by Mr. Ommund- 
sen’s method, a point 5 feet 6 inches below the man was aimed at. 
The line of sight made an angle Ө with what would have been 
the sight line in the old method. This angle was the negative angle; 
and the line was directed lower and lower in the Ommundsen method 
as the object advanced, and so, of course, the negative angle in- 
creased. There was an automatic alteration of the negative angle 
with the approach of the object towards the marksman. One of 
his (Mr. Tennant) friends addressed an enquiry to him, whether 
with sinister intention he could not say. He asked ‘‘ Was this 
thing patented? ’’ and he replied, most emphatically, that it was. 

The Chairman called on Mr. Ommundsen to reply if he thought 
there was anything to reply to. He did not think he had had much 
criticism. 

Mr. Ommundsen said that he felt rather embarrassed at the very 
warm reception given him. Не could only say that he was quite 
satisfied to let the discussion remain where it was. Не did not 
know that there was anything for him to reply to which had not 
already been replied to. 


Digitized by Google 


| 217 
FROM THE 


STARTING PLATFORM. 


March, 1912. 


The most noticeable feature in recent steam- 


RECENT 

DEVELOPMENTS | turbine practice is the great increase in speeds 
IN STEAM: of rotation. Not long since, turbines develop- 
TURBINE 


ЕСЕ ing only some 1,500 kw. were run at 1,500 

revolutions per minute, but the design of 
generators has of late been so greatly improved that units develop- 
ing 8,000 kw. or more are now being run at 3,000 revolutions 
per minute, with a corresponding saving in the weight and cost 
of the machine. The increase in speed for a given power has 
rendered desirable modifications in some of the older patterns of 
turbine, particularly at the exhaust end. The steam way required 
here depends almost exclusively on the output of the turbine, and 
not on the speed of rotation, and should therefore be as great, if 
the turbine runs at 3,000, as if the speed were 1,500 revolutions 
per minute. One method of securing this desideratum is to con- 
struct the exhaust end of the turbine on the double-flow principle, 
and the record іп the matter of efficiency now rests with a reaction 
turbine constructed on these lines. An alternative solution lies in 
making the drum of a reaction turbine in four instead of the more 
usual three diameters; and if the combination of output and speed 
renders it desirable, there is no reason whatever why the low- 
Pressure end of a reaction turbine should not be made in the form 
of a mere disc, carrying but one or two rows of moving blades. 
It has been suggested that the increase in the speed of rotation 
has favoured the impulse type of machine; but since a large 
diameter is needed only at the low-pressure end, this view is 
erroneous, as there is no difficulty in making this the same size 
п a reaction as in an impulse turbine. 


It is worthy of note that we are still very ignorant as to the real 
loss in nozzles, guide blades, and buckets, and it is thus impos- 
sible as vet to design a turbine on a really satisfactory scientific 
hasis. Good guessing is still necessary, and what is really relied 
on by designers is experience with similar units rather than the 
use of the coefficients given in text-books. The uncertainty still 
attaching to these coefficients is well illustrated by comparing 
Prof. Rateau's statement of two years ago, to the effect that the 
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loss in the guide blades of his turbine is 2 or 8 per cent. only, with 
actual measurements recently made by Dr. Christlein at Char- 
lottenberg. Rateau’s statement is in good agreement with the 
results of experiments on well-designed straight convergent 
nozzles. Christlein’s experiments were, however, made with the 
usual form of curved blading, and indicated very large losses 
indeed. The efficiency in no case exceeded 90 per cent., and for 
steam speeds of 1,000 feet per second or so the highest efficiency 
observed was under 80 per cent., and the curves given indicate 
that it would be still lower at lower speeds. The experiments in 
question are perhaps not wholly satisfactory, since the velocity 
of efflux was estimated from the reaction of the jet. This method 
is reliable only when the speed of efflux is less than its critical 
value. Should this be exceeded, part of the observed reaction is 
due to a static pressure at the plane of discharge. It has further 
to be remembered that the actual angle of discharge from Christ- 
lein’s guide blades does not seem to have been actually measured. 
One member, Mr. J. M. Newton, has shown by direct experiment 
that in the case of blades of the Parsons type the actual angle 
of discharge may be sensibly different from its nominal value, and 
it is conceivable that some of the large apparent losses observed 
by Dr. Christlein arose from the actual angle of discharge being 
different from that assumed. Again, it is exceedingly dithcult to 
determine with accuracy in such experiments the true pressure 
and temperature of the steam both before and after discharge. 
This was well shown in some experiments made some years since 
on velocities of efflux. Тһе steam, before reaching the nozzle. 
entered a large box, to which a gauge was attached. The 
observations showing some peculiarities, a second gauge was 
attached to another part of the box, and indicated quite different 


pressures. Making all allowances, however, the evidence 
seems strong that the losses in curved guide blades is 
considerably larger than has generally been assumed. Тһе 


experiments, moreover, suggest that the lower the steam 
speed the greater the inefficiency. Further experiment is, 
however, badlv wanted before accepting this conclusion, as one 
would, from a priori reasons, be inclined to suspect efficiencies 
approaching unity as the speed of efflux approached zero velocity. 
Measurements at low heads are, however, difficult to make with 
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accuracy. Some observations made on the amount of steam 
passed through a large Parsons marine turbine have indicated an 
efhciency for the conversion of pressure into velocity of about 
90 per cent. for steam speeds of 225 to 270 feet per second; and 
this value, as applied to power-station turbines, has led to very 
accurate estimates of the weight passed. So far as this goes, 
there seems, therefore, some reason to believe that the coefficient 
increases, again, for speeds below those covered in Cristlein's 
experiments. An analysis of the trials of a very large impulse tur- 
bine, on the other hand, gave a guide-blade efficiency of about 
.85 for steam speeds of about 800 feet per second. 

In the construction of small turbines somewhat different con- 
siderations become important than in the case of large units. 
Simplicity and low first cost become with small sizes of very much 
more importance than economy of steam. In this connection con- 
siderable interest attaches to a very simple form of steam turbine 
built last year by Nicola Tesla, his rotor consisting of a series 
of smooth discs, which were set in rotation by the frictional drag 
of the steam. The idea, it turns out, is an old one, but, apart 
from this, has advantages only from the mechanical standpoint, 
since the efficiency of such a system cannot as a maximum exceed 


8) per cent. 
Н. M. MARTIN. 


OBSERVATIONS 
IN GENERAL. 


On the evening of Saturday, February 17th, the Victoria Hall 
of the Hotel Cecil was thronged with a merry throng—the Juniors 
were holding their Annual Dinner. The preliminaries of the formal 
reception by the President were just long enough to enable the 
guests to find themselves and their friends, and soon everybody 
was at home with everybody else, as is characteristic of all the 
Juniors! functions. 

* x * * + * 

On looking at the President's table, one was much impressed 

bv the noble arrav of glittering orders and medals that many of 


the Institution’s guests were wearing. Wireless Telegraphy and 
the Navy were well represented. First of all, of course, our 
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President, Commendatore G. Marconi, D.Sc., LL.D., was in the 
chair, and he was supported on one side by Vice-Admiral Sir 
Henry B. Jackson, K.C.B., K.C.V.O., in command of the Naval 
War College, Portsmouth; and on the other side by Engineer 
Vice-Admiral Sir Henry J. Oram, K.C.B., Engineer-in-Chief of 
the Fleet. Other representatives of ‘‘ Wireless” were Mr. 
Godfrey C. Isaacs, Managing Director of the Marconi Wireless 
Telegraph Co., and Count Albriz, Managing Director of the 
Spanish Marconi Co. Stealing another glance along the '* exalted 
table " one could pick out representatives of other branches of 
the profession, included amongst whom were Mr. W. B. Bryan 
(Engineer to the Metropolitan Water Board), Major H. B. Strange 
(late R.A.), Sir George Greenhill, Professors Perry and Spooner, 
Mr. Gerald C. Horsley (President of the Architectural Associa- 
tion), Mr. W. J. Tennant, Mr. B. E. Dunbar-Kilburn, Mr. E. 
Russell Clarke, Mr. T. E. Gatehouse, and other distinguished 
gentlemen. 


* * ж ж ж % 


The speeches were excellent. Professor Perry was evidently 
out for some further information from the ** fountain-head ’’ about 
`` wireless." Our President was only too pleased to give such 
information, although he said that he was going to disappoint us 
` by not telling us any stories about и. Mr. Kilburn provided us 
with, as he put it, an extra turn, and, in presenting our honoured 
and esteemed Chairman with an illuminated testimonial and 
cheque as an appreciation of the consummate efficiency with which 
he had discharged his duties during his twenty-seven years’ 
secretaryship of the Institution, he expressed the feelings of the 
members in terms which they are all in sympathy with. Mr. Dunn 
acknowledged the presentation in a manner in which only Mr. 
Dunn could have done. Mr. Horsley was evidently very kindly 
disposed towards the Juniors, and again advocated more combina- 
tion in the engineer and the architect. Mr. Dunn replied on behalf 
of the Institution, and his outline of the pohcy of the Council was 
followed with keen interest. Mr. Bylander proposed the toast of 
“Тһе President,” and what he said appeared to give our President 
much satisfaction. He said, in reply: ** I expected many pleasant 
things to-night, but the kind and warm reception you have given 
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me has, I must say, exceeded my expectations, and I can only 
say how very grateful I am to you all.” 


* * * * * * 
With the presentation above referred to the Dunn Presentation 


Committee have finished their labours, and have forwarded the 
following balance-sheet :— 


Debit. Credit. 
Contributions received е 196 6 6 
Expenses is: Қ Э 8 2 4 
Cost of illuminated address ... 10 10 0 


Cheque to Walter T. Dunn ... 177 i4 2 


——— 
— — — M —À —— 


£196 6 6 £196 6 6 


(Signed) Е. К. DURHAM, 
Hon. Treasurer to Dunn Presentation Fund. 


* ж * + + + 


Members will be interested to note that the paper on '' Auto- 
matic Fire Extinction as Applied to Factories," read before the 
Institution by Geo. T. Bullock, A.I.E.E., Past Chairman of the 
Institution and Chief Surveyor of the Union Assurance Society, 


Ltd., has been quoted as the standard text-book on this subject 
bv the Insurance Institute. The paper has been thoroughly 
revised and brought up to date, and the new edition will be on 
sale when this Journal is issued. Copies may be obtained from 
the Institution’s honorary publishers, Messrs. Percival Marshall & 
Co., Poppin's Court, Fleet Street, E.C., or from the Secretary 
of the Institution; price 1s. 14., post free. 


* ж ж ж ж * 


It is interesting to note that the pamphlet recently published 
by the Institution has been very well received by the Press. Extra 
Copies may be obtained from the Secretary. 


* * ж ж ж ж 


Тһе centre of interest оп Friday evening, March 29th, should 
he, for all Juniors, the Criterion Restaurant, Piccadilly Circus, 
ээ 


because at 8 p.m. the eagerly awaited ‘‘ Smoking Concert ’’ com- 
mences. A good array of talent is being arranged, and any 
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member who can do anything in the musical department—either 
vocal or instrumental—is invited to communicate with the Secre- 
tary. The audience will not be too critical, and any member who 
can do his “Іше bit ’’ will be welcomed by all. Tickets may be 
obtained from the Secretary or at the door (Jermyn Street 
entrance), price 1s. There is no limit to numbers, and it is hoped 
every member will endeavour to be present and bring a friend or 
friends with him, and that everybody will spend a jolly evening. 


* * * ж ж ж 


The following books have been purchased to form part of the 
collection presented to the library by the members as a memorial 
to J. Wylie Nisbet :— 


“ Harbour Engineering," by B. Cunningham. 

'* Notes on Docks and Dock Construction,” by C. Colson. 
'* Details of Bridge Construction,” by Е. W. Skinner. 

'* Foundations,” by C. E. Fowler. 

'* Framed Structures,” by J. B. Johnson. 

‘“ Civil Engineering," by Е. М. Taylor. 

“ Masonry Construction,” by I. О. Baker. 

'' Irrigation,” by Н. M. Wilson. 

“ Tunnelling,” by W. C. Copperthwaite. 

'* Practical Road Engineering,” by Н. P. Boulnois. 


* * ж ж ж ж 


The following is extracted from “ Syren and Shipping ” :— 

'* We note, dear Major, your remark that, ‘ evidently in spite 
of the triumph of ‘‘ wireless," the day of the submarine cable is 
not yet over.' The statement, of course, is perfectly correct, but 
you must remember, Major, that ' wireless' has its advantages, 
after all. It would be diabolically awkward, don't you know, if 
a big passenger liner had to stop and grope about for th» nearest 
submarine cable whenever she wanted to communicate with the 
shore! ” 


* Ж * * * * 


We understand that three Grands Prix have been awarded for 
the Marconi exhibits at the recent Turin Exhibition. One Grand 
Prix is for Marconi's Wireless Telegraph Company, another for 
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Mr. Marconi and his Rome office, and the other for Mr. Marconi, 
of Bologna and London. 


* * * * * * 


Sir William H. Lindley (Past President of the Institution) has 
signed a contract with the Water Supply and Sewage Committee 
of the St. Petersburg Town Council by which he becomes engi- 
neer-in-chief for the designing of the new waterworks and the 
drainage of St. Petersburg, and for the eventual direction and 
executing of the schemes. The cost of the projected works is 
£10,000,000. 


ж ж + ж # * 


Members will learn with particular pleasure that our enthusiastic 
Past-President, Engineer Vice-Admiral Sir Henry J. Oram, 
K.C.B., has been selected for a Fellowship of the Royal Society. 
We tender to him the Institution's cordial congratulations. 


+ * + + + + 


The members of the Committee of Reception who are ““ father- 
шр”, the social side of the Institution, and who are working so 
strenuously in the interests of the Friday evening gatherings, are 
to be congratulated on their success. The Committee for the 
present session is composed of Messrs. Beaven, Brown, Cooke, 
Curror, Hayward, Hogg, Hunt, Knowles, MacPherson, Marshall, 
Napier, Peters, Philpot, Robson, Squirrell, Taplin, Woodfield and 
Young. 


PERSONAL NOTES 
OF MEMBERS. 


Е. Н. Арсоск is nowat Rugby, being engaged by Messrs. 
Willanson and Robinson, Ltd., as Draughtsman in the Deesel 
engine section ; 5 Lower Hillmorton Road, Rugby. 


W. E. BARBER is at present in the services of Sir George Armstrong, 
Whitworth and Company, as Draughtsman; 64 Loadman 
Street, Westmoreland Road, Newcastle-on-Tyne. 


L. J. CARTWRIGHT is now engaged in the Southern District of the 
Metropolitan Water Board, Engineer's Office, Brixton Hill, 
S.W. (2016 Brixton); 54 Bridport Road, Thornton Heath, 
Surrey. 
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HERBERT CHATLEY, of Tangshan, North China, in a letter dated 25th 
January, 1912, states that the revolution has not touched them 
yet. | 

Г.ЕОМАКО В. ELLis is now the Works Manager of the Engineering 
Department of the Diamond Lubricating Company, Manchester. 
(488 Trafford Park; clo Calvpsol, Manchester.) 


E. D. Green has been appointed an Established Draughtsman in 
the Royal Naval Torpedo Factory at Gourock. 


J. FRANK S. HABELL is engaged on the Whitby Harbour Improve- 
ment, Yorkshire. 


W. M. Harper is now back in India ; Morvi, Kathiawar, India. 


E. E. Kerr is now іп the Sale Department of the St. Marylebone 
Borough Council Electricity Supply Department, 36 Aybrook 
Street, Manchester Square, W. (5021 Paddington.) 


Р. Hira LaL is at present working as an Assistant Engineer on the 
Patan Extension Railway, Patan, N. Gugrat, India. 


С. W. Мавтім has recently been transierred to the Class of Member 
of the Institute of Heating and Ventilating Eugineers. 


WALLACE MCMULLEN writes from Ripley, West Virginia, on 13th 
February, that he hopes to finish up there shortly, and be home 
in the Spring. 

R. P. Mears has been appointed Assistant in the Steelwork Design 
Department of the Great Western Railway at Paddington ; 30 
Mackenzie Street, Slough. 


WM. E. Press writes from Accra on 28th January, that he is shortly 
returning to England on leave. He is enjoying excellent 
health. 


J. T. Rean writes from the otfices of the Asiatic Petroleum Company, 
Ltd., London, Engineering Department, 7 Kiukiang Road, 
Shanghai, China, on the oth February, stating that he hopes 19 
be at Shanghai for the next six months. 

The revolutionary trouble he says, has fearfully upset 
business in all directions lately, but it is hoped things are going 
to improve a little now. In Shanghai things have been fairly 
well, but up the Yangtse Valley it has been almost impossible to 
get labour at times, especially as the war has come on top of 
extraordinary serious floods this year. 

W. С. Rocers is now in the Drawing Office of Messrs. Thwaites 
Bros., Vulcan Iron Works, Bradford, Yorks. 

FRED. Rosk has left England, his address being c/o Messrs. Beale 
and Company, Trafalgar Street, Annandale, Sydney, Australia. 


С. B. STURGEON has obtained a post in the Electrical Department of 
Messrs. Cammell, I.aird and Company, Ltd., of Sheffield. 
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Sypney J. Waters has left Coventry to take up a leading position 
in the Drawing Office of the Army Aircraft Factory, South 
Farnborough. 


Е. Н. WEDGE is returning to South Africa on the 9th March, by the 
S.S. '' Armadale Castle," after which date all communications 
for him should be addressed to c/o Messrs. Mallett and Company, 
The Foundry, East London, Cape Colony. 


CHANGES OF ADDRESS. 


Согевкоок, W. H., Rylstone, Alexandra Road, Watford. 
Cowanp, G. E., Engineers’ Agency, 150 Leadenhall Street, Е.С. 


Dickson, A. J. B., The Laurels, 17 Highfield Road, Dartford, 
Kent. 


FERGUSON, J. S., Strathearn, Tooting Bec Gardens, Streatham ; and 
Messrs. J. S. Ferguson and Risdon, g Victoria Street, West- 
minster, SW. (1217г Victoria; “ Fergandris," London.) 


Ferreira, L. M. G., Oldbury, High Road, Hayes, Middlesex. 
Егкх, E., Whithorn, Friern Lane, Whetstone, М. 

HaNwpLEv, С. E., 46 Grange Eliot Road, Coventry. 

Hine, P. T., 140 Tulketh Brow, Ashton-on-Ribble, Preston, Lancs. 
Нсргі,евтоме, С. B. 180 Blake Street, Barrow-in-Furness. 
Нсснвв, С. H., 97 Queen Victoria Street, Е.С. (8754 Central.) 
Hunt, A. C., 60 Gondar Gardens, West Hampstead. 


)оскк:. L. M., 7 Ashburton Terrace, Linthorpe Road, Middles- 
brough. 


Lvco, G. E., 28 Gatwick Road, Southfields. 

MarrHEWS, W. J., Kia-Ora, Kings Road, Paignton. 

MiLBURN, С. O., 26 College Street, Accrington, Lancs. 

Mitts, J. A., The Nordens, Wimbledon Park Road, Southfields, S.W. 
OsraAND-JoNzs, J. Н, Bridge House, Walton, Peterborough. 
Ратом, J. J., 2 Queens Road, Erith. 

Роже, W. H., 2 Mill Stile Lane, Braunton, М. Devon. 


TENNANT, W. J., би Bickenhall Mansions, Gloucester Place, W. 
(4992 Paddington.) 


TWENTY-EIGHTH ANNIVERSARY DINNER. 


The Twenty-eighth Anniversary Dinner of the Institution took 
place at the Hotel Cecil, London, on Saturday evening, 17th Feb- 
ruary, 1912, and was attended by 125 members and guests. 

The chair was occupied by the President, Commendatore G. 
Marconi, D.Sc., LL.D., and he was supported by Engineer Vice- 
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Admiral Sir Henry J. Oram, K.C.B., Mr. W. B. Bryan, 
M.Inst.C.E., and Professor J. Perry, D.Sc., Wh.Sc., F.R.S. 
(Past-Presidents); Sir George Greenhill, M.A., F.R.S., and Mr. 
W. J. Tennant, F.C.I.P.A., M.I.Mech.E. (Vice-Presidents); Mr. 
T. E. Gatehouse and Professor H. J. Spooner, M.I.Mech.E. 
(Honorary Members); and the following officers and members of 
Council, viz.: Mr. W. T. Dunn, F.C.I.S. (Chairman); Messrs. 
S. Bylander and Percy L. Young (Vice-Chairmen); Messrs. 
Geo. T. Bullock, A.I.E.E., and B. E. Dunbar Kilburn, M.A., 
Assoc.Inst. C. E. (Past-Chairmen); Messrs. D. N. Hunt, R. Krall, 
Assoc.M.Inst.C. E, М.І.М.М., J. Н. Pearson, M.S.A., and 
W. А. Tookey (Members of Council); К. Н. Parsons, Assoc. M.Inst. 
C.E., Member of Council representing the Midlands), H. Norman 
Gray, and W. D. MacPherson (Hon. Auditors); and A. Clifford 
Swales (Secretary and Treasurer). 

The list of guests included the following, some of whom, how- 
ever, were prevented at the last from being present, owing to 
illness and other circumstances: Vice-Admiral Sir Henry B. Jack- 
son, K.C.B., K.C.V.O., in command of the Royal Naval War 
College, Portsmouth; Sir John Wolfe Barry, K.C.B., F.R.S., Sir 
J. J. Thomson, D.Sc., F.R.S., Sir A. B. W. Kennedy. LL.D., 
F.R.S., Sir A. R. Binnie, M.Inst.C.E., Dr. W. C. Unwin, 
F.R.S. (President of the Institution of Civil Engineers), Mr. E. B. 
Ellington, M.Inst.C.E. (President of the Institution of Mechanical 
Engineers), Mr. S. Z. Ferranti, M.Inst.C. E. (President of the 
Institution of Electrical Engineers), Mr. Gerald C. Horslev. 
F.R.I.B.A. (President of the Architectural Association), Major 
H. B. Strange, Mr. James Swinburne, F.R.S., Mr. Leslie Robert- 
son, M.Inst. C. E., Professor S. P. Thompson, D.Sc., F.R.S., 
Count Albiz (Managing Director of the Spanish Marconi Co.), 
Mr. Godfrey C. Isaacs (Managing Director of the Marconi Wire- 
less Telegraph Co.), Messrs. E. Russell Clarke, W. Stokes and 
H. S. Jefferies. 

After the loyal toasts had been honoured— which included ‘‘ The 
King of Italy,” given by Vice-Admiral Sir Henry B. Jackson— 
Professor Perry submitted that of '' Electrical Intercommunica- 
tion." He said that benefit would be received from the toast 
because Mr. Marconi would respond, and if his (Professor Perry's) 
speech was worthless, the toast at any rate would have an 
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efficiency of 50 per cent. Men who talked of getting efficiencies 
of 97 per cent. from electric machinery would look askance at 
50 per cent., but it was not to be sneezed at always. Не had 
been toid by an expert that the efficiency of a telephone receiver 
was only the half of 1 per cent. 

It was a great thing to have Mr. Marconi with them that night. 
All practical use of the Maxwell-Herz waves was identified with 
his name. It was not only to his inventive power—he might 
almost say his genius—nor to his indefatigable earnestness, nor 
to his great imagination which comes from his Irish descent, nor 
to those other fine qualities of his for which a number of adjec- 
tives were usually coined, nor even to his enthusiasm and his good 
temper and his good nature that he owed his success. In his 
presidential address at the Institution of Electrical Engineers he 
said that more than all other things for which Mr. Marconi was 
to be praised was his wonderful power of impressing financial 
people, and he still thought that this power of his was most mar- 
vellous, and without it he could not have succeeded. 

He got moneyed men to believe in phenomena which would be 
best described by a poet, only there were no poets who under- 
stood electrical things. Poets were so educated that they knew 
nothing of the romance of the workaday world, although it was 
more wonderful than anything to be found in the ©“ Arabian 
Nights.” 

The great value of wireless telegraphy in war was known, and 
especially in naval war, but what impressed him very much more 
Was its value in times of peace to ships in distress. Even in the 
infancy of that marvellous system there were many sea routes 
in which a ship was always in communication with others and 
with the land, and the time was evidently coming when every ship 
at sea could always communicate with others, and so with the 
world. It would be seen that in the great fight with Nature that 
was the greatest conquest made іп many years, and it was a great 
Privilege for them to have there with them, as Chairman at their 
dinner and as President of the Institution, the man to whom that 
conquest over Nature was mainly due. 

That was not a scientific but a convivial meeting, and it was 
not fair to ask questions. He did not like to seem impertinent, 
but he did not like to miss a chance of getting revelations from 


228 Гуккхтү-Епснтн ANNIVERSARY DINNER. 


an inventor who was perfectly justified in concealing his dis- 
coveries. There were three things of great concern to all—three 
great dithculties—and he knew that Mr. Marconi hoped to over- 
come them. He had been working hard to overcome them. 
First : Long-distance messages were greatly disturbed by ‘‘ atmo- 
spherics.’’ What hope was there of eliminating those disturb- 
ances? Second: Messages travelled much better by night than 
by day; they travelled much better north and south than east and 
west. Vague guesses at the reasons for these curious phenomena 
had been given. Could Mr. Marconi tell him if those vague 
guesses were giving place to more definite explanations. Third: 
Everybody who used wireless telegraphy used the one conductor, 
the ether, which everybody else used; nobody had a monopoly of 
it as one had a monopoly of a cable. Various Admiralties had 
by convention a monopoly in time of peace in the use of certain 
wave-lengths, but in time of war there was nothing to prevent 
an enemy from confusing signals. What were Мг. Marconi’s 
hopes of preventing interference among the users of the one con- 
ductor? Аз he had already said, at a convivial meeting it was 
hardly fair to ask such questions, but it was very seldom that 
one had such a chance as that, and temptation was too strong 
Гог him. .\t the same time, he recognised that he had no right 
to ask such questions, and that Mr. Marconi had every kind of 
justification for refusing to answer. 

As to other methods of electrical intercommunication, in those 
also the advance was continuous and rapid. One Transatlantic 
cable was sending 220 letters per minute each way, or 440 letters 
both ways. That was the record, the very latest result in high- 
speed cable signalling, and it was not likely to be beaten for some 
time to come. If each of the eleven existing Atlantic cables were 
worked at that speed—220 letters per minute—they could send 
to New York in ten minutes four of the leading-article columns 


© 9» 


of the “ Times "" newspaper—surely a most marvellous thing to 
think of. There were six million telephones in the United States, 
paid for; one for every fifteen units—men, women and children— 
in America. Telephonic messages ran over the ordinary telegraph 
wires when ordinary telegraph messages were being sent. The 
main profits come from long-distance telephony. The capital of 


the American Telegraph and Telephone Company was twelve 


TwWenTY-EIGHTH ANNIVERSARY DINNER. 229 


million pounds, and that was the largest capital of any company 
in the world. Mr. Sidney G. Brown's telephone relay was found 
in actual practice to add 75 per cent. to the maximum distance 
for speech; he now inserted it in the middle of a line, so that it 
magnified currents both ways at the same time. He had quad- 
rupled the efliciency of telephone transmiters and receivers. It 
was said that speech was possible from New York to Denver, 
just as it was said that one could speak from London to any place 
in the British Islands. But in а few years not only would these 
statements be true, but speech would be possible from New York 
to San Francisco, and a Covent Garden opera would be heard in 
Teheran. 

It was a great privilege to have Mr. Marconi there that night, 
for nobody in the world had so good a right to respond to that 
toast. He (Professor Perry) was chairman of the meeting at the 
Institution of Electrical Engineers in March, 1899, when Mr. 
Marconi first described his system in public, and since that time 
he had been more and more impressed with its importance to the 
human race. | 

The President (Commendatore G. Marconi, D.Sc., LL.D.), in 
responding to the toast said that he was sorry that in the past 
Circumstances had prevented him having the pleasure of being 
present at one of those functions. He could only hope and trust 
that he would be more fortunate in the future. He wished also 
to thank his old friend Professor Perry for the kind things he had 
Said about him and about his work, and also for his most in- 
teresting remarks on the latest developments in regard to 
“ Electrical Intercommunication." He was happy to know that 
he still remembered what he, himself, would never forget, and that 
was the reading of his first paper before the Institution of Electrical 
Engineers about thirteen years ago. Since those days, wireless 
telegraphy had travelled a long way, not only in distance covered, 
but in practicability, reliability and efficiency. High speed ap- 
paratus had been introduced, which would enable radio-telegraphy 
to compete, and he hoped successfully, with long-distance cables, - 
in the matter of speed. Professor Perry had spoken of the im- 
Provements introduced in cable working. He thought some of 
his remarks were applicable to wireless telegraphy. The speed of 
wireless telegraphy was more or less a mechanical problem, and 
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there was no limit in respect to distance in regard to wireless. He 
thought he could speak technically, as he was among technical 
men. Professor Perry had referred to the difficulties in wireless 
transmission caused by atmospheric electricity. He was glad to 
be able to inform him that those difficulties were being gradually 
and surely overcome. There had been great improvements in the 
receiver, and the effective utilization of a larger amount of energy 
in the transmitters. The impulse at the receiving stations was so 
much stronger than it used to be at any given distance, that the 
natural effects did not have the same ‘‘ pull '' on it that they used 
to have, and could not upset it as they used todo. He referred to 
the interference in ship-work due to atmospheric conditions, which 
was now very small indeed—almost negligible. "With regard to 
long distances it was more serious, but it was not great enough to 
materially interfere with the commercial alteration of the system. 
The improvements had advanced so much that frequent com- 
munication was obtained in the tropics between stations overland 
for a distance of 1,000 miles. With regard to mutual interferenoe— 
that was, one station upsetting another through taking the same 
distance at the same time—when Professor Perry said there was 
only one ether, he was quite right. With all due deference, he 
might say that everybody had only got one ether, and even cables 
used that ether, and although it was thought the impulse went 
through the wire, it really went through the ether. Everyone was 
dependent upon it for light, heat, cable, wireless and telephone 
messages. The interference between ships had also been mini- 
mised, and it had been proved practicable to have a larger number 
of high power stations in England and Ireland, without mutual 
interference. Не gave an instance, i.e., at a receiving station, 
situated at a distance of eight miles from Cardiff, wireless mes- 
sages could be received or acknowledged at will. The ratio between 
the maximum recorded range at Clifton and eight miles, was in 
the proportion of 750 to l. That would go to prove that it was 
possible to have a very large number indeed of power stations. 
He was quite in accord with Professor Perry that the extended 
use of wireless communication was, perhaps, dependent upon the 
ease with which a number of stations could be worked efficiently 
without interference. Some interference did take place, but he 
thought that was very much due to the fact that the International 
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Convention on Radio-Telegraphy had limited the wave length. 
That was, in his opinion, not sufficient at the present moment, 
and he thought it would be of considerable advantage if a third and 
longer wave was authorised. The interference due to the in- 
creasing number of ships equipped with radio-telegraphy was not 
increasing in proportion, or in relation to their number. Two or 
three years ago there were comparatively few ships equipped with 
radio-telegraphy, whilst now there was a very large number. Then, 
if one came down to finance, the receipts from messages per ship 
were very much greater now than then, and if the interference was 
due to the number of ships, the receipts would go down instead 
of up. The interference was not very serious in regard to ship, 
and ship intercommunication. It had also to be borne in mind that 
the wave lengths at present available, as far as practical experience 
went, ranged from 6 inches to 30,000 feet. 

Communications for several miles could be obtained with a 
wave length of six inches, but longer waves were used for long 
transatlantic distances. It was because there was such a large 
range available that there was a great deal to choose from, and 
also that there was the greatest insistence of actual waves. More- 
over, there was wave-group tuning, and directive systems available, 
which tended to overcome mutual interference. They took messages 
in only one direction and not in another course, and if anything 
happened to be in the line of fire, it would not be interfered with. 
The waves, as a result of oscillation, spread a little like a bullet, 
but they did not go all round, and be a nuisance to people who 
didnot want them. These, and the other developments, which time 
did not permit him to mention, made him feel convinced that this 
comparative new method of communication, was destined to fill a 
place of greatest importance, and to facilitate communication 
throughout the world. In conclusion, he thanked those present 
for the way in which they had received the toast. 

Mr. B. E. Dunbar Kilburn then rose and said that he had to 
claim the indulgence of those present for what he understood was 
usually called at certain places of amusement ‘‘ an extra turn,” but 
he was confident that they would give that ‘‘ turn ” their approval, 
and would heartily join in the chorus. The theme of his discourse 
or song was their honoured Chairman's retirement from the 
Secretaryship. This was, of course, within the memory of all 
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members, but for the benefit of the visitors he mentioned that Mr. 
Dunn, some few months ago, had retired from the Secretaryship 
of their Institution, after having filled that office for 27 years. When 
Mr. Dunn’s retirement had taken effect, the members gave ex- 
pression to their feelings verbally in the form of a resolution, which 
was passed unanimously at the Annual General Meeting, and this 
was followed by electing Mr. Dunn to the post of Chairman. That 
was not deemed sufficient to shew their appreciation of the very 
valuable services Mr. Dunn had rendered to the Institution during 
his extensive term as Secretary, and it was thought that on his 
retirement he should be given some more material evidence of that 
appreciation, but it was decided, after careful consideration, to 
reserve the climax, if he might call it so, for that occasion. Most 
careful thought was given by the Council, as to what form their 
expression should take, and after discussing all points of view, 
they had come to the conclusion that the best form, and the one 
most likely to be appreciated by Mr. Dunn, would be to present 
him with a testimonial, expressing in an illuminated form, their re- 
gard for him, and to back that up by a cheque, he was glad to say, 
for a very substantial sum. He thought it was unnecessary for him 
to enlarge on the subject, and the best way of concluding his 
remarks was to read the wording of the testimonial. (See photo 
on opposite page.) 

Mr. Kilburn then asked Mr. Dunn to accept the testimonial and 
cheque as a token of their appreciation of his services and regard 
for himself, with the heartiest good wishes of the Institution. 

Mr. Walter T. Dunn, in acknowledging the presentation, 
believed he had the sympathy of all the members at that moment. 
He hardly knew what to say in reply to the too kind words which 
Mr. Kilburn had used as to the services he had rendered the 
Institution during the period mentioned. Just as he was entering 
the room a considerate friend had intimated to him that something 
of the kind was going to happen, and this had somewhat prepared 
him for the ordeal, but nevertheless it was really most difficult 
to adequately express his thanks for their very handsome gift. 
Twenty-seven years was, of course, a considerable period in а man's 
life, but had he his time over again, he would wish to spend it 
as he had done, so much had his services always been appreciated. 
He regarded the members of the Institution as his friends. He 
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had not had a suitable opportunity of expressing his acknowledg- 
ments of the many kind messages he had received when his retire- 
ment was announced, and would say now how highly he valued 
them. He assured the members that it was only after the fullest 
possible consideration that he had decided to relinquish the post 
of Secretary. He had felt that, in the interests of the Institution, 
it was the best thing to do. He was anxious that the Institution 
should continue to move forward, and felt how desirable it was 
that arrangements should be made in due course for the good work 
that was being done to be efficiently continued; not that he felt 
altogether unable to go on with it, but all things considered he 
thought it was best that he should give up the duties. The Council 
had done all they could to induce him to take a different view, and 
he appreciated their kindness, but ventured to say that he believed 
that he had done quite the right thing. 

He wished to acknowledge the signal honour that had been done 
him in his election as Chairman of the Institution, an honour he 
deeply appreciated, and which was increased by the fact that tt 
was somewhat unusual for a Secretary to be clected to such a 
position; and went on to refer to the way the Council, right 
through the history of the Institution, had worked for its advance- 
ment. It was not through the efforts of any one man alone that 
success would be attained; the co-operation of all the Executive | 
was essential. Тһе members of the present Council were fully | 
alive to their duties, and there was every indication that the In- | 
stitution would achieve greater success in the future. 

This led him to make reference to his successor, who, he said, | 
had now been with them long enough to show what qualities he 
possessed. Mr. Dunn wished most emphatically to express his 
belief that they had the right man in the right place, and asked 
that the same confidence that had been placed in him, might be 
continued in Mr. Swales, who would, he was sure, prove worthy 
of it. In conclusion, he asked the President to allow him to have 
the particular pleasure of proposing the health of Mr. Swales, and 
to sincerely wish him success in his work. He asked all the mem- | 
bers to loyally support their new Secretary, and hoped that he 
might long remain with them, and that the Institution might 
flourish still more through his efforts than through those of 
his predecessor. 
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Mr. A. Clifford Swales, in acknowledging the toast, thanked Mr. 
Dunn and the members most sincerely for the very kind manner 
in which they had received the toast of his health. He said that 
it was not long after he had taken up his duties as Secretary of 
the Institution that he realised he had undertaken a very difficult 
task in attempting to follow in the shoes of such a man as Mr. 
Dunn. He wished to say, however, that his task had been con- 
siderably lightened by the kindness of Mr. Dunn himself. As 
all the members knew, Mr. Dunn was a very busy man, but if 
ever he had wanted to know anything, he had always found him 
most ready and willing to give any advice that was in his power. 
Mr. Swales expressed his appreciation of the courtesy and con- 
sideration that had been shown to him by the Council of the 
Institution during a very trying time, and said that they had shown 
him that their main desire was to work with him for one common 
object, i.e., to promote and sustain the objects and interests of 
the Institution. He looked to the members of the Institution for 
that co-operation which they had so readily accorded to Mr. Dunn, 
and without which he could not hope to discharge the claims 
&volving upon him. 


Mr. Gerald C. Horsley (President of the Architectural As- 
sociation), in proposing the toast of ''The Junior Institution 
said that it was with great pleasure that he rose 


»Э 


of Engineers, 
to propose the toast of '' The Junior Institution of Engineers.” 
He wished to preface such remarks as he presumed to make upon 
the Institution, with an expression of his thanks to the President 
and Council for the honour they had done him in asking him to 
Propose that toast. He thought they must have done that because 
he was an architect, and he also thought they wished to confer 
à compliment and honour upon architecture—an art which he 
unworthily represented that night—and also because, probably, 
they wished to mark the ancient alliance between architects and 
engineers. For not so very long ago, all architects were en- 
gineers, and all engineers were architects, but, owing to the 
necessities of the time in which they lived, their professions had 
had to be specialised, and that had led to a certain separation 
between the two. That separation he ventured to deplore, and 
he hoped that they would all, architects and engineers, do what 
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they could to mitigate it, and to bring about a close alliance again 
between the two. 

In connection with that, he wished to say that the majority of 
young architectural students studied in their construction courses, 
a great many matters which probably belonged to the province 
of the engineer. Was it too much to ask the young engineer 
students to study somewhat of architecture? Не did not mean 
to study it superficially, but to study it sympathetically. He 
thought if they looked abroad—he spoke without very exact know- 
ledge in that matter—in Germany and in France, the young engi- 
neers went through some course in the study of architecture. At 
any rate, he thought they would all agree that when they looked 
upon some of the great modern works of engineering abroad, they 
would see in many of them a certain knowledge of, and a certain 
scholarship in, architecture. 

Mr. Horsley, in asking the members to drink the health of their 
own Institution, sincerely wished the utmost good fortune to its 
motives and its ends. The Institution’s activities were many, he 
said, but the principle underlying the Institution, like that of the 
Architectural Association, which he represented that night, was 
to make use of the opportunities afforded by meeting together for 
mutual interchange of knowledge and of thought. The Junior 
Institution of Engineers was really such a research society of the 
best kind, and for that reason, he was confident that not only 
would it continue to be a benefit and service to themselves, but 
it would also be a benefit and service to their noble profession. 

Mr. Walter T. Dunn, Chairman of the Institution, said, one of 
the privileges connected with the post of Chairman of the Institu- 
tion, was to respond to the toast of “Тһе Institution,’’ at the 
Annual Dinner, and he regarded it as a great honour to carry out 
that duty. He thanked Mr. Horsley, the President of the Archi- 
tectural Association, for the way in which he had proposed the 
toast. Their relations with that Association were extremely 
friendly. It was an Association with which the Institution held a 
combined meeting every year. By that means an endeavour was 
being made to come to a better understanding with the architects. 
There was no doubt that the more engineers were brought into 
contact with architects, the better it would be for both professions. 
Quite recently they had had the pleasure of attending a meeting 
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at the invitation of the Architectural Association, when Mr. Paul 
Waterhouse read a very interesting paper. Those members of 
the Institution who were present would long remember the oc- 
casion, architectural topics being treated in such an original way. 
Mr. Dunn proceeded to refer to the good work which the Institu- 
tion was doing. It had certainly justified its existence. At the 
present time there were over 1,000 members in this country and 
throughout the empire, many of them carrying out important 
duties. They would be thinking of the gathering that night; 
R. W. Newman, in South Africa, occupying a very important post 
under the Government, and others, would be remembered in that 
connection. A fraternal spirit had always been apparent among 
the members; a desire to help one another; and the Institution’s 
success was largely due to that fact. The Institution’s activities 
were numerous and varied, as was shown by the booklet which had 
just been issued, and to which he would refer any who desired full 
particulars. The members were proud of their Institution, and 
believed in its future. Excellent papers were read and discussed 
опа variety of subjects connected with engineering. А recent 
notable ome was that by Sir George Greenhill, describing Mr. 
Ommudsen’s invention, by which was announced to the world 
avery important invention in connection with the sighting of small 
arms and artillery. Mr. Dunn, on behalf of the Institution, once 
again thanked the proposer of the toast for the very kind remarks 
he had made, and the members’ appreciation of the cordiality 
with which they had been received. 

Mr. S. Bylander proposed the toast of '' The President," and 
remarked that the work of the President (Mr. Marconi) was very 
well known to the members of the Institution, and to the whole 
world. They all knew how he had surprised everybody with his 
wonderful] achievements in science and engineering. Nevertheless, 
he ventured to say that he was a “ Junior Engineer,” and the dis- 
tinction he had attained in the engineering world was remarkable. 
An engineer he was in the true sense of the word, beca.se, when 
they looked around and saw the great progress wireless telegraphy 
had made in recent years, they were astonished at their President's 
achievements. Mr. Marconi possessed great ability in bringing 
into practical use his scientific ideas. Marvellous things were 
Possible now, which could not have been hoped for ten years ago. 
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He remembered quite well when he crossed the “ Pond” in 
the steamer “ Cambria ” about eight years ago, then they were 
only in communication with another vessel for a period of about two 
hours in mid-ocean. Otherwise, they were not in communication 
by wireless telegraphy, on any part of the journey, until they got 
near England. It was very interesting, however, when they ap- 
proached the Irish coast, and got into communication, and received 
the latest news from Europe. He spent half the night up in the 
wireless telegraphy cabin, and he watched with great interest mes- 
sages being received and sent to the wireless station in Ireland. 


Mr. Marconi's work was highly appreciated everywhere, and he 
was very proud to know that Sweden had awarded Mr. Marconi 
the Nobel Prize. A very few men had attained honour and re- 
cognition during their lifetime, like their President had. It was 
quite exceptional, and he would like to tell them that in his own 
country, the Italian Government had recognized his ability, and 
in order to testify its high esteem of his gigantic labour, they had 
erected at Coltane a marble Central Telegraphic Palace to his 
honour. | 


The importance of wireless telegraphy was very great, par- 
ticularly to ships on the high seas, and the great service the system 
rendered to save human life. He thought he need only refer them 
to the incident of the “ Delhi,” only a few weeks ago, and the very 
valuable service wireless had rendered in bringing other ships to 
the assistance of the ‘‘ Delhi." They, no doubt, also recognized 
the very great value to the Admiralty, in London, which enabled 
them to be in communication with naval stations and battleships 
far away, even in the Mediteranean. 


A recent extraordinary incident, he thought, might be of in- 
terest to them, and he wished to tell them of the occasion of the 
opening of the Central Wireless Telegraphic Station, in Spain. 
The King of Spain sent a wireless telegraph message direct to 
King George and Queen Mary, addressed '' Medina," Mediter- 
ranean, and he received, in Madrid, a reply from their Majesties 
within one hour. 


For the second time, the Institution had gone outside its own 
country for their President. They were always desirous of ob- 
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taining a President of distinction in the scientific and engineering 
world. Notwithstanding the very important engagements Mr. 
Marconi had that day, he had, nevertheless, put everything aside 
in order to be with them that night, and he was sure that everyone 
felt very proud of having Mr. Marconi there, particularly as he had 
said that that was the first occasion that he had been with them. 
They looked forward with the greatest possible pleasure to hear- 
ing Mr. Marconi’s presidential address, and he was sure it would 
prove of the greatest possible interest to all. Several speakers 
had referred to the immense importance of wireless telegraphy, 
and he was sure that everyone would support him when he said 
that the Institution was very proud of having Mr. Marconi with 
them that night. 


The President, in acknowledging the toast, said that he had 
to thank Mr. Bylander for the very kind things he had said about 
him in proposing the toast. Everybody that had had anything 
todo with wireless telegraphy could always tell a story about it. 
He knew a few stories about wireless telegraphy, but he would 
disappoint them by telling them that he was not going to tell them 
ау. He very much appreciated the honour of having had the 
pleasure of being there that night as their President, and having 
met so many distinguished persons. He was particularly glad 
to have met Admiral Sir Henry Jackson, to whom this country 
was so much indebted for the early introduction of wireless tele- 
graphy in His Majesty’s Navy. He could only say that when he 
came to England he was the first Admiralty representative he had 
the honour to meet, and he was very glad that they had met. He 
had also to thank Sir Henry Jackson for proposing the health 
of His Majesty the King of Italy. 


He had expected many pleasant things that night, but the kind 
and warm reception he had been given had, he must say, exceeded 
his expectations, and he could only say how very grateful he was 
to them all. 


During the evening, under the direction of Mr. Richard Cooper, 
A.R.C.O., musical selections were given, songs being contributed 
by Miss Lillie D. Chipp, Mr. Frederic Lake, Mr. Herbert F. 
Williams, sketches by Mr. Alan Stainer, pianoforte solo by Mr. 
Richard Cooper, and a violin solo by Mr. T. E. Gatehouse. 
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BIRMINGHAM LOCAL SECTION. 

The fourth meeting of the fifth session was held on Thursday, 
15th February, 1912, at the Great Western Hotel, the chair being 
taken by Mr. E. E. Jeavons (Chairman) at 8.15 p.m. 

After the minutes of the last meeting had been read, confirmed 
and signed, Mr. W. Garnet Wernham read Sir George Green- 
hill’s lecture on '' Negative Angle Sighting іп Small Arms and 
Artillery ’’ from the February issue of the Journal. 

A hearty vote of thanks was proposed by Mr. E. W. Dorrington 
and seconded by Mr. L. Turner, and carried. A brisk discussion 
ensued, in which Messrs. Wernham, Parker, Sweeney, Bown, and 
the Chairman joined. 

With the announcement of the next meeting on Tuesday, 12th 
March, when Mr. Bertram D. Fox’s paper on '' Railless Electric 
Traction '' would be read and discussed, the proceedings termi- 
nated. 


FRIDAY EVENINGS. 
The Spectrescope. 


Mr. D. М. Hunt discoursed on the “ Ѕресігеѕсоре” on 8th 
December, and after the members had spent some time in ob- 
serving the spectra of various substances, the phenomena of re- 
fraction was described and illustrated by a simple experiment with 
a dish of water. The construction of the prism spectrescope was 
described, and its uses in the manufacture of Bessemer steel, in 
chemical analysis and in astronomy were touched on. 

Although the electro-magnetic nature of light has been known 
for many years, the nature of electricity itself has been so obscure 
that the word '' electricity ° has quite gone out of fashion; but 
a few scientists, such as Sir J. J. Thomson and M. Fournier 
d’Albe (from whose books these notes are taken), have so far 
developed the Corpuscular or Electron Theory that they have been 
able to give adequate reason for most of the phenomena observed. 
According to this theory, the atoms of matter consist of positive 
nuclei, having negative corpuscles in rapid orbital motion round 
them. From experiments with vacuum tubes, with heated metals, 
and various other means it is found that the positive particles 
vary in mass with their source, but the negative particles have 
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a constant mass and electrical charge without reference to their 
origin. 

The electron is defined as the smallest electrified body capable 
of separate existence; its mass is approximately 0.61 х 10-27 
grammes, radius about 10-18 centimetres, and its repulsive force 
on another electron when placed at 1 centimetre from it in a 
vacuum is 1.16 x 10-18 dynes, = about one quadrillionth of a pound; 
this appears small, but is in reality 1048 times greater than gravi- 
tation. 

Our knowledge of the molecular and atomic structure of matter 
makes it possible to calculate the number of atoms in given masses 
of the elements, and from electrolysis we know that every atom 
of matter is capable of temporarily uniting with a definite quantity 
of electricity exactly proportional to its chemical valency, but 
otherwise independent of its nature; with hydrochloric acid it is 
found that each atom of chlorine carries just one electron; copper, 
which is a divalent element, is found to carry two electrons with 
each atom. 

Line spectra are given when the wave-length of the light under 
observation is of some Certain wave-length and not of all possible 
wave-lengths, as with the continuous spectrum. А revolving 
electron considered as electricity in vibration should send out 
electro-magnetic waves, which, being of a suitable length, could 
be observed as light, and the length of these waves should be 
affected by a magnetic field. This was predicted by Lorenz and 
first observed by Zeeman, who observed that each of the D lines 
in the spectrum of sodium was doubled when viewed along the 
lines of magnetic force through a hole in the pole pieces of a 
Strong electro-magnet. The wave-lengths were increased or 
decreased according to whether the magnetic force retarded or 
accelerated the rate of orbit, and when the light was circularly 
polarised the direction of rotation proved that the light-giving 
particles were negatively charged only. 


“Quartz Crashing.” 

On 26th January, Mr. Reginald Krall, Assoc.M.Inst.C.E., 
M.I.M.M., dealt with the crushing of gold ores, and gave a 
short description of the most common methods in use to-day for 
reducing such material to the fineness required for its subsequent 
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treatment. He pointed out that it was not possible to deal with the 
methods of treating ore, but referred to a previous Friday evening's 
chat, in which he had dealt with the cyanide process for the treat- 
ment of gold ores. 

By the courtesy of Mr. F. Burnett Dick, of Messrs. Johnson & 
Sons’ Smelting Works, he was able to show some typical samples 
of ore, including :— 

Rand Banket Ore from the Robinson Deep Mine, South 
Africa. 

West African Banket Ore from Wassau Mine, West Africa. 

Lake View ore from Western Australia. 

Cupriferous gold pyrites from the Duncan Mines at British 
Columbia. 

East Indian copper ore from the Bwool Mine. 

Mr. Dick also had furnished Mr. Krall with specimens of gold- 
ore concentrates, tailings and slimes, these being the three grades 
to which ore very frequently is subdivided for treatment after 
being crushed. Very frequently, however, the whole of the ore 
is reduced to an extremely fine state of subdivision, so that the 
product is practically as fine as slimes—that is to say, that the 
whole of the crushed material should pass through a screen of 
180 to 200 mesh, that is, 32,400 to 40,000 holes to the square inch. 

By the courtesy of Messrs. N. Greening & Sons, of Warring- 
ton, Mr. Krall was able to show samples of screens of various 
meshes, in order to give to those present an idea of the extreme fine- 
ness to which gold ore has sometimes to be crushed to obtain 
the best results in treatment. As a matter of fact, the extreme 
fineness of crushing of gold ore is very much the same as that 
adopted in making cement. 

Mr. Krall briefly described those crushing machines most usually 
employed in reducing gold ore to the required degree of fineness. 
He started with a description of the '' Stonebreaker,’’ which is а 
machine well known to all engineers, being used in a number of 
industries besides that of ore-crushing : the two most-known types 
being the gyratory crusher, and the common-jaw type crusher. 
When these machines are used for crushing ore, perhaps, more 
care is bestowed on the design, and special regard is taken to 
have specially hard steel faces for the jaws, as the wear from some 
of the hard gold ores is very considerable. Mr. Krall then briefly 
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described the common stamp battery, and referred to the fact that 
in the past, before the general use of tube mills, the falling weight 
in the stamp battery was usually about half a ton, and the screens 
used on the battery were usually anything between 20 and 40 
mesh, equivalent to 400 to 1,600 holes to the square inch—that 
is to say, that the battery was largely used as a fine-crushing 
machine. Under these circumstances the output per stamp rarely 
exceeded 4 to 5 tons per stamp per day. It was, however, recog- 
nised from the results obtained by the use of tube mills in the 
cement trade—in which direction Messrs. F. L. Smidth & Com- 
pany, of Copenhagen, were the pioneers, and to whom Mr. Krall 
was indebted for the photographs and drawings of tube mills he 
showed—that considerable economy could be effected in capital 
outlay, and also in working costs, by using tube mills in conjunc- 
tion with stamp batteries for crushing ores, because the stamp 
battery is not so well adapted as the tube mill for producing the 
more finely ground product. The consequence of the introduction 
of tube mills has, therefore, been that much coarser screens have 
been used on the stamp battery, the ore product from the stamp 
hattery being ground to the desired fineness in the tube mill. Тһе 
result of using these coarser screens on the stamp battery has 
been that the output of the stamp battery has been very much 
increased (and in later years the output of this machine has been 
still further augmented by the use of heavier stamps); so that now, 
with the heavier stamps and coarser screens, one may expect an 
output of 15 tons per day per stamp, as against 5 tons per day per 
stamp obtained a few years ago. 

Mr. Krall referred to the fact that the stamp battery, although 
apparently not the most economical type of machine to emplov, 
Is no doubt still being almost universally used because of its sim- 
plicity and certainty in action. This is a most important point in 
ore-crushing, because a mine is so often remote from all facilities 
for repairs, and one therefore hesitates to employ any other type 
of crusher than the simplest, most certain and best-understood 
machine in such a locality. Otherwise, he was of the opinion 
that other machines might, from a view of economy, not perhaps, 
of simplicity, replace the stamp battery in ore-crushing. For 
instance, grade-crushing by stonebreakers, rolls and tube mills; 
instead of stonebreakers, stamp batteries and tube mills, the 
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former plant being much lower in first cost than that in which 
a battery is included. Тһе stonebreaker, rolls and tube-mill 
system is particularly suitable where the ore is dry, as stone- 
breaker and rolls will deal readily with the dry ore, and the tube 
mill may be used for wet or dry crushing as may be preferred. 
Instead of rolls, ball mills may be employed where the ore is dry. 
Mr. Krall described both ball mills and rolls, and referred both 
to the common type of geared rolls, which are only suitable for 
the coarser kind of crushing, to which there are many objections, 
such as noise, unevenness of wear, etc.; and he also referred to 
the “ Krom " rolls, in which each roll is driven by a separate belt, 
the two rolls running at very slightly different speeds, so that the 
wear is distributed over the whole circumference of the rolls, 
instead of being concentrated at any particular spot. Mr. Krall 
also described various types of ball mills, including Krupp’s ordi- 
nary ball mill and Smidth's latest ‘‘ Kominor " ball mill. Не 
pointed out that ball mills, in his opinion, were only satisfactory 
for crushing dry ore where screens are employed, because when 
one attempts to use a ball mill for wet crushing, the screens 
become clogged. He described briefly the machine of this type 
recently brought out by Messrs. Smidth, where no screens were 
used in the ball mill itself, separation being made in a centrifugal 
separator, the coarse particles—that is, the over-size—being 
returned to the ball mill for re-grinding, which appears to be a 
machine of value to the mining industry. 

Mr. Krall then described the tube mill, and referred particu- 
larly to the point that, although a large number of mills are 
arranged for central feed and central discharge, it is perfectly 
feasible, as has been proved in practice, to discharge, whether 
wet or dry grinding, on the periphery of the mill, and this gives 
far and away the best results in practice. He was able to show 
some very interesting photographs, kindly lent him by Messrs. 
Smidth, showing the tube mill actually in operation; one end of’ 
the tube mill had been removed and been replaced by a coarse 
screen; the tube mill had then been charged with various loads of 
flint pebbles and rotated at various speeds. These photographs 
showed very clearly the necessity of running a tube mill at exactly 
the correct speed, and with exactly the correct load of pebbles to’ 
get the most effective result. 
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Working Drawings. 

Mr. W. E. F. Curror gave a lecturette on the 9th February, 
1912, on “ Working Drawings,’’ and explained that the particular 
class of working drawing he had in mind was that of mechanical 
engineers’ shop drawings, although many of his remarks applied 
equally well to civil, electrical, and other classes of working 
drawings. 

He went on to say that the settled policy of many engineering 
firms a few years ago appeared to be to stint the drawing office 
as much as possible. For that policy the drawing-office staff had 
very often only themselves to thank, because they often forgot 
that the business of an engineering works was to make and sell 
articles, and not to design mechanical contrivances or produce 
drawings. He explained that, owing to the increased competition 
in trade and greater complexity of design, engineering firms were 
becoming more and more alive to the advantage of an efficient 
drawing office. 

Mr. Curror went on to say that the main function of a shop 
drawing was to convey the information that would enable the shop 
to produce the required article or machine, and if shop drawings 
"ére preserved in accessible form they had another important 
function—i.e., that of providing clear records of what work had 
been done. There were numerous styles and systems of shop 
drawings, but he took eight as being fairly typical, i.e. :— 

1. A sketch chalked on a board. (Only to be mentioned to 
be at once dismissed.) 

2. Hand sketches, pen or pencil. They deserved the fate of 
No. l. Were great time-savers in an emergency, but 
their regular use led to trouble and the scrap-heap. 

9. Tracings from drawings. Were generally used in very 
small works. If lost or destroyed, the whole work had 
to be retraced. 

4. Rough sketches, carbon copied. These were generally 
made in duplicated leaved books, and were useful for simple 
work, but were of little value for standard or repetition 
work. 

9. Copying ink sketches copied in a letter-book. The same 
criticism of No. 4 applied, but they had one advantage— 
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i.e., if made on thin paper, additional copies could be 
produced by photo-printing. 

6. Prints, blue or white, from tracings. For standard or 
repetition work this was the usual modern type of shop 
drawing. It afforded the drawing office good records, 
and gave the shop clear working drawings. 

7. Prints, as No. 6, but sizes of tracings and prints 
standardised, and work detailed out piece by piece and 
systematically arranged. When a job was worth cloth 
tracings, this was by far the best type of working 
drawing. 

8. Photographic assembly drawings. An ultra-modern type 
of assembly drawings were used for assembling small 
intricate machines. 

Mr. Curror then gave a few points that should be observed with 
regard to shop drawings :— 

All information required by the workman to enable him to faith- 
fully execute his job should be carried. 

Drawings should show results, and it should be left to the 
shops to produce those results. 

Great attention should be paid to the dimensioning of working 
drawings. They should be fully dimensioned, so that in the shop 
no scale or rule need be placed on them. 

No shade lines should appear on shop drawings. 

Care should be taken, when projecting views, that no doubt 
exists as to the direction in which the view is taken. 

Expressions such as ''4"' clearing, hole, etc., should Бе 
avoided. “ in. drill,” or whatever other size is actually required, 
should be used. 

All articles should be called by their proper names on shop 
drawings. It adds greatly to the difficulty of keeping clear office 
records if the same article goes under half a dozen aliases in one 
office. 

Mr. Curror went on to give a brief description of a modern 
system of shop drawings for work worth good drawings. He said 
that the basis of the system was that every separate part of a 
machine, except stock articles, was detailed out by itself. 

Tracings on cloth should be made from the paper drawings, and 
should be retained by the office. The paper drawings should be 
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destroyed, and the working drawings issued to the shops should 
be prints taken from the cloth tracings. There should be four 
sizes of tracings, viz. :— 


Whole sheet, 40 in. by 28 in., known as size 1. 
Half sheet, 20 in. by 28 in., known as size 2. 
Quarter sheet, 20 in. by 14 in., known as size 4. 
Eighth sheet, 10 in. by 14 in., known as size 8. 


From the whole and half sheets, a strip 2.in. wide should be 
ruled off at the top and bottom, leaving actual drawing spaces of 
40 in. by 24 in. and 20 in. by 24 in. respectively. From the 
quarter and eighth sheets a strip 2 in. wide should be ruled off at 
the bottom, leaving actual drawing spaces of 20 in. by 12 in. and 
10 in. by 12 in. respectively. Тһе 2 in. wide strips then form 
the record strips for tracings, which should contain the firm's name, 
tile, etc., etc. 


In the shops the blue prints should be cut up, and the separate 
details distributed to the various workmen. 


Mr. Curror concluded by remarking that much useful informa- 
tion could be found in G. H. Follow’s ‘‘ Universal Dictionary of 
Mechanical Drawing," as to style of lines, lettering, section-lining, 
etc., of working drawings. 


Centrifugal Pumpe. 


On 16th February, Mr. J. N. Boot dealt with centrifugal pumps, 
and explained that although during recent years centrifugal 
pumps had come very much to the front, it was astonishing to 
hnd that a number of people thought they could do with a centri- 
fugal pump just what they could with a pump of the reciprocating 
type. A centrifugal pump having once been made for a certain 
specified set of conditions, could not be used for other conditions, 
without a serious loss of efficiency. For instance, on the assump- 
tion that the speed remained constant, if the head was reduced, 
the capacity was increased and the efficiency lowered, and the 
same followed if the head was increased. 


The head on any pump could, of course, be reduced down to 
zero, but the increase in head which could be put on to a centri- 
fugal pump was very much limited, that being due to the fact 
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that the head generated by the centrifugal pump depended upon 
the velocity imparted to the water, such velocity being given to 
the water by the speed of the impellers, combined with the design 
of the impeller vanes. The maximum increase of head that could 
be obtained on a centrifugal pump, generally speaking, was from 
o per cent. to 7 per cent. above that for which it was normally 
designed, and at this increase of head, the capacity of the pump 
would be reduced down to about 50 per cent. of its normal capacity. 


The question of suction lift was often enough raised in connec- 
tion with centrifugal pumps, and while it was admitted to a certain 
extent that the centrifugal pump was rather more delicate than 
an ordinary reciprocating pump, if the conditions were satisíac- 
tory, there should be no difference as regards the height to which 
either type of pump would take up its water. In the case of the 
centrifugal pump, however, great care was required in the arrange- 
ment of the suction pipe, and all joints must be absolutely air- 
tight, as the admission of air on the suction side of the pump had 
a more marked effect in the case of centrifugals, than in the case 
of reciprocating pumps. 


The efficiencies of centrifugal pumps had of late years been very 
much improved, although, of course, the efficiency obtained must 
necessarily vary according to the size of the pump. If the con- 
ditions were suitable and the pump had a capacity of, say, 8(0 
gallons per minute and upwards, then from 72 per cent. to 75 per 
cent. efficiency should easily be obtained. This efficiency not only 
depended on the actual design of the pump, but also on the manner 
in which it was finished and put together, as any little inaccuracies 
in the casting or in fitting the various parts together generally 
had a marked effect. 


There was always a certain amount of unbalanced thrust in 
centrifugal pumps which were fitted with single suction impellers, 
and this was taken up in some cases by a thrust bearing of the 
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“ collar " type, while іп other cases а water balance was used. 
When water balance was used, dirty water was no good, as 
the wear on the balancing disc was such as soon to lose the 
balancing effect; and in cases where the pump was dealing with 
dirty water, a clean-water supply should be provided for balancing 


purposes. 
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Centrifugal pumps were largely used in connection with con- 
densing work, and in places where the pump was taking the water 
direct from the surface condenser, or from a jet condenser, ample 
Capacity must be allowed in the pump to take care of the effect of 
the air which comes over with the water being extracted from the 
surface or jet condenser. 

Centrifugal pumps were particularly well adapted to boiler-feed- 
Ing purposes, and also to hydraulic work, as, if any of the valves 
on the discharge side of the pump inadvertently got shut down, 
the pump would not generate more head than its speed would 


allow. 
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* BRIDGES.” 
By PAUL WATERHOUSE, M.A. F.R.I.B.A. 


Read at a Joint Meeting of the Junior. Institution of Engineers and th 
Architectural Association. 


FEBRUARY 12TH, 1912. 


WE are indebted to '' The Builder ” for the following report of 
the paper and also for the blocks. 


“ Familiarity,” said my friend, “ breeds contempt." Не is a 
man of such rare thought and of such carefully chosen language, 
that the utterance by him of this trite proverb struck me dumb. 
To my astonishment he repeated it, and I suggested—for we are 
old friends—that I had heard something to that effect before. 
** Quite so,” said he, ‘‘ that is the point of my remark." ‘* What 
remark? " I rejoined, and the battle of words for which he was 
obviously eager was fairly set going. 

The friend I speak of was John Pargiter, of whom some of my 
architectural hearers and readers have known me to speak before. 
He is not an architect in that he neither makes money by archi- 
tecture, nor is he in any degree a draughtsman, but in all other 
senses he is more of an architect than most of those who profess 
our craft. Whether by inclination or by intuition, or, more prob- 
ably, by some strain of mental inheritance, he has in him to an 
unusual degree the power of understanding the inner meanings of 
our ancient and historic art. 

Harper, an architect friend of mine who often joins in our con- 
versations, says that in Pargiter the imagination outruns the 
reason, but Harper is rather too much the slave of facts and logic, 
and I sometimes think that the real explanation of Pargiter's 
apparently fanciful ramblings is that since knowledge does not 
only come to us through our five senses he often has in him, and 
brings out, ideas which are none the less true for not being 
provable by rule and line. 

For the third time, said Pargiter, “ Familiarity breeds con- 
tempt." “Тһе proverb,” he went оп, '' is so full of truth that 
it is true even of itself. You are so familiar with the saving that 
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its very meaning is brought into contempt. Have you ever con- 
sidered what a miracle is? You would probably define it as a 
Suspension or infraction of one of the laws of nature." ‘* Quite 
so," said Harper. ‘‘ Quite wrong,” said our friend, ‘‘ for if it were 
that it could never have happened, and so would not have been 
a miracle or marvel at all. A miracle, it is true, is a contradiction 
of man's formula of nature's law up to the date of its occurrence 
which formula is thereafter—if the miracle be properly attested 
and accepted—revised to meet the new knowledge." Harper 
broke in at once, ‘‘ Forgive me,"' he said, ‘‘ if I suggest that we 
do not want to talk about miracles at all, but have come here to 
have one of our architectural conversations.’ Pargiter smiled. 
‘Yours is an unfortunate distinction," he said, ‘‘ for architecture 
would have died in infancy if men had denied it from the start 
the right to perform miracles. 

I understand your meaning, however, and may tell you that 
when I saw you coming I was preparing to ask your opinion 
on an architectural subject, which, as a matter of fact, gave rise 
to my stale but true quotation. In this connexion, I was going 
to remark, that one of the reasons why familiarity breeds con- 
tempt is that even miracles cease to be miracles when they are 
familiar. We adjust, as I said before, our notions of the law of 
nature to include them, and once included in the normal scheme 
of nature they retire from the realms of the marvellous. 

I think that all the same we are rather ungrateful to the world's 
miracles when we too readily accept their retirement from the 
miraculous. '' 

Harper and I looked at one another, fearing that John Pargiter 
was after all never coming to his subject. He intercepted the look, 
understood it, and said, ''I am really working round to archi- 
tecture, but there is one more thing I must say about this subject 
the degradation of miracles, or, rather, about a similar subject. 
Our lives are surrounded and made the pleasanter by an immense 
number of things—products of art, products of ingenuity— which, 
without being miracles in the large sense of the word, are marvels 
to a degree which we daily fail to recognise. We can easily test 
the depth of this contempt by imagining the consequence either 
of the new appearing of these things or of their total disappear- 
ance. Conceive for a moment the effect on mankind of a morning 
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on which it should be suddenly discovered that buttons, matches 
and glass (to take only three simple examples) had absolutely 
disappeared from the reach of humanity. 

Think of the consternation of the gentlemen in the second-class 
Carriages and their excited conversation on the way up to London. 
Imagine the poor things, their clothing hung upon them with string 
and safety-pins, shivering in the windowless compartments, bor- 
rowing a light from the one popular man who had a petrol pipe- 
lighter, and all talking on the one great threefold subject of the 
hour. 

Within a fortnight or less civilisation would have devised 
substitutes—the ungainly pins and string would have given place 
in their clothes to an adroit system of lacing rather after the 
Elizabethan fashion. Tinder boxes would have come upon the 
market to meet the smokers’ needs, and the railway company, 
after an interlude of oilskin curtains, would have fitted talc on 
the no longer draughty windows. At last, when men had come 
to think that after all they were not doing so badly, a blessed day 
would dawn on which the same fairy who had spirited away the 
buttons, matches, and glass, would bring them all three back. 
Then, and not till then, would men realise once more that they 
had been all their lives ungrateful churls in not doing a more 
respectful homage to three of the little miracles that make the 
comfort of life. 

Or, again, imagine if you can, a day on which the evening 
papers were full of the discovery of a manuscript in Egypt con- 
taining a piece of literature which we had hitherto never known— 
no other, in fact, than the 150 psalms of David. The dullest of 
Christians and the least literary of men would be fairly on fire 
with their poetry and their amazing force. Familiarity alone 1s 
the secret of our unreasonable misappreciation. 

All this, forgive my ramblings, is leading up to the subject of 
'* Bridges.” 

ARE NOT BRIDGES ARCHITECTURAL? 


Harper's face fell, he showed outward and open disappointment, 
and Pargiter enquired the cause. |“ Well," said Harper, "I 
thought you were going to let us talk about some definitely 
architectural subject." ‘‘ And pray," said Pargiter, ‘‘ are not 
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bridges architectural? " ‘‘ Hardlv," said the other. “И is 
true that bridges occasionally seem to demand and sometimes get 
a sort of architectural finishing off such as the Doric column ap- 
plied to Waterloo Bridge*; but I regard a bridge per se as a mere 
constructional problem, the meeting of a special need by an orderly 
and economic use of the particular material most suited to the 
special exigencies of the place and the age. Don’t cut in for a 
moment," he went on, for Pargiter was preparing to speak, ''I 
have something to add, for I have thought a good deal about this 
matter. My consideration of beauty in bridges leads me to the 
conclusion that beauty in their case is merely fitness, and that 
our notions of applying architectural trappings to what is really 
a mechanical—in other words, an engineering—-device or ex- 
pedient are generally a woeful waste of entirely misapplied 
ingenuity.” 

Harper ceased, and Pargiter looked at him with astonishment. 
‘You are an architect, Harper,” he said, “апа it amazes me to 
hear you say such a thing. I am at one with you about archi- 
tectural trappings, there is no such thing as applied architecture, 
but your most excellent definition of a bridge is, to my mind, also 
the most complete definition of architecture that I have ever heard, 
‘the meeting of a special need by an orderly and economic use 
of the particular material most suited to the special exigencies of 
the place and age.’ 

No closer expression of the nature of architecture could pos- 
sibly be devised, and yet you boldly say that a process so described 
is by the nature of the case not architecture, but—as I under- 
stand—engineering."' 


ARCHITECTS, ENGINEERS, AND BRIDGES. 


“ Not quite that," said Harper, ‘‘ but look at it this way. You 
must admit that there is such a craft as engineering, and that it 
iS a necessary craft. We know that an architect by himself 
could not be entrusted unaided with such a problem as a bridge 
*o span the Thames, and by admitting an architect's services as 
desirable for the finishing off of the structure which the engineer 


has designed, we simply insult both forms of art, and probably 
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get a result in which the architecture, struggling with the en- 
gineering, produces a complicated falsehood which by its very. 
falsity fails to be worthy of the name of art." To which 
Pargiter answered, “ My dear Harper, your explanation of 
your position only makes it the more untenable. Engineers 
are useful people as you justly observe, their calling is 
an honourable one and their work is indispensable, but so 
for that matter is the work of a host of other persons 
who might legitimately find employment in connexion with 
a bridge, but who would, nevertheless, be quite unsuited to act 
as the supreme designers of it. All that you can say about the 
attachment of so-called ‘ architectural’ trimmings or trappings 
to an engineer-designed bridge is perfectly fair, but the indecency 
of them is due to the fact that the so-called architect who applies 
them is, by his very act, proving himself no architect. Whether 
engineers approve of the fact or not, a fact it still is that an 
architect, if he be anything at all, is by virtue of his name, an 
over-workman. А bridge in an important city is obviously and 
necessarily an important and conspicuous mass of bviding, as 
such it is, if I understand architecture at all, a thiny to be com- 
mitted to and produced by an architect. If the problem involved 
is such that it demands structural knowledge of which no living 
architect 1s capable, that is no sufficient reason why the promoters 
of the bridge should bar all architects from appointment. Appoint 
the architect say I, the best you can find, and let him as over 
craftsman have under him, among his many underlings, the best 
engineer he can get."' 

'* О come," said Harper, '' I'm all for giving architects their 
due, but I should never think of putting the engineer second in a 
case where the use and even the beauty of the structure depends 
upon that nice adjustment of material to function which onlv a 
highly trained engineer can calculate.” 

** Then, once more,” said Pargiter, ‘‘ I consider that your ideas 
on architecture and architects are at fault. Any architect who is 
worth his pay, by which I mean any architect who is an artist, 
would realise as fully as you do the very sentiment you have just 
expressed. Architects are expected to have an almost encyclo- 
раіс knowledge, but even the best equipped architect will, if he 
is wise, continually consult the chiefs of his little army of crafts- 
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men on the methods which will produce the best results in the lines 
on which each is a specialist, and that is exactly what the wise 
architect would do with the engineer, and the wise engineer would 
fall in ungrudgingly with the architect’s consultant but still 
supreme attitude. The relative positions of architect and engineer 
which I here suggest involve no possible degradation to the pro- 
fession—the noble profession—of the constructional engineers. 


THE PRIM4EVAL BRIDGE. 


But somehow or other your questions and my answers have led 
us to the wrong end of our subject. I wanted to show you how 
strangely we have been led by familiarity to ignore the miracle of 
bridges, but we have become plunged into the final and crowning 
topic, the artistic construction of large bridges in important cities. 
May I lead the discussion back to the other end of the scale—the 
primzval bridge? ” 

“ By all means,” I said, and Harper said '' by all means ” also, 
but he said it as it seemed to me with half a sigh of resignation. 
Our talk had so far been in Pargiter’s little summer-house, built 
against an angle of his square-walled garden; but as he suggested 
that we should continue the conversation in the house, we both 
rose to follow him, and Harper, motioning to me to hang back, 
began murmuring, ‘‘ I can give you the heads of our friend’s dis- 
course beforehand. Aboriginal savage at bank of stream; food 
supplies or prospective wife viewed on opposite bank; tedium of 
travelling up stream to find shallows for fording; accidental dis- 
covery of fallen tree across stream; application of reasoning faculty; 
tree felled on purpose in favourable wind; tree too short; selection 
of rock in midstream; device of two trees resting on said rock; 
dawn of engineering; rudiment of pier; further advance by use of 
two trunks and transverse sleepers; development of lintel or beam 
bridge. Conqueror introduces arch; astonishment of savage; pro- 
gress of arch construction; introduction of iron; arch superseded; 
return to lintel forms; invention of cantilever. Digression оп 
trusses, and bearers again introduced to useful savage in order 
to trace development of suspension bridge from lowly origin as a 

mere thong of bullock’s hide slung across the stream from tree 
to tree, up to the elegant structure at Clifton."' 
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Low as Harper spoke, the conclusion of his summary was greeted 
by a clapping of hands from Pargiter, who, apparently, had heard 
every word of it. * А very good analvsis," he laughed, '' of the 
history of bridges; but I fear I must disappoint you, for I have 
no inclination to follow the subject on those lines. Historical 
development is all very well and very interesting, but І think we 
shall give ourselves more pleasure by studying the matter in 
another way. 


WHAT 1$ A BRIDGE? 


Suppose we Беріп by asking one another, * What is a bridge? ' ” 
““ That is easily settled," said Harper. '' A bridge is an arched 
or other structure across a stream or river." '' And what do you 
бау,” said Pargiter, turning to me. “ Harper's definition,” I 
answered, “15 a little too narrow, for, to begin with, the bridge 
necdn’t be across a stream at all, but might be, and often is, across 
a road or across a dry chasm.’’ ‘‘ Yes,"' said our friend, ‘‘ and 
there are also cases where, instead of carrying a road over water, 
the bridge carries water over a road. I expect that the best defini- 
tion of a bridge that we can give is, ' a structural device for carry- 
ing a road over an obstacle, or an obstacle over a road.’ For 
general purposes that will meet the case, though there would be 
exceptions even to this, as in the instance, for example, of an 
aqueduct carrying a canal or a water supply over a river. 


THE MIRACLE OF THE BRIDGE. 


I said (he continued) that I did not want to start historically 
with the savage and the tree trunk, but I must ask you, for the 
interest of the thing, to imagine yourselves for five minutes to 
be men whose civilisation has never brought them within reach 
of the wonder of the arch. You live, let us suppose, by the shore 
of some mighty river, one of those terrific giants that cannot be 
bred in an island as small as ours, but need for their nurture long 
miles of wide continent. Your river comes from hills so remote 
that you have never seen them, and has rushed through plains so 
vast that other kings than yours reign over them. Indeed, so 
great is its force and its severance that the very folk you see 
lessened by distance on the other bank speak a tongue that you 
can scarcely understand. 
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One day a man comes among your townsmen and says, ' Give 
me of your money and I will make it easy for you to walk drvshod 
in ten minutes from shore to shore.’ You laugh at him and sug- 
gest that the days of Moses and the Red Sea, of Joshua and Jordan 
are not vour days. But the man persists, and you ask him how. 
‘A bridge,’ says he. “А bridge,’ vou answer, and laugh with 
greater scorn. You have seen, to be sure, the arrangement of planks 
and beams which crosses the stream in your own Street, but you 
know that no such structure could possibly be made to cope with 
the vast width and the murderous floods of the cold grey monster 
of which vou are so proud and so afraid. 

Then the man speaks again, and more madly as it seems. “1 


є 


shall do this thing,’ he savs, ‘ not with the lightest and longest 
materials, but with the shortest and heaviest. Some of you have 
become used to the wonder of stones piled on stones to make a 
house; it is on stones that I will cross, and make you cross your 
river. Not stepping-stones, nor a paved ford, but stones that leap 
from shore to shore, resting here and there on the solid bottom, 
but bounding from one resting-place to another, flying in curve 
after curve, but owing all their flight to that very weight which 
seems to make the deed impossible.’ 

Would you believe him? Not you. The thing is a miracle, you 
sav, and miracles do not happen. Your madman makes his bow 
and goes. You have your laugh out, and a merry laugh it 1s, for 
you have kept your money and got rid of your dreamer. And, after 
all, you say it is of no use to go against nature, and the river was 
placed where it is for good reasons. 

Next year you see a man on the opposite bank. Those few who 
sometimes venture out upon your river in perilous boats have seen 
him nearer, and assure you that he is your old friend the madman. 
You laugh again, realising that the silly citizens of the further 
shore are likely to be wheedled out of their money in a fool’s venture. 

The weeks, the months go by, and at last you see that at the 
dry end of the summer the man is in very truth at work building 
a pile of masonry on the bit of shingle that crops up in the centre 
of the river-bed during August. This is followed by a clever diver- 
Sion of the current from another part and the building of another 
heap of mortared stone. Bit by bit through two long seasons, 
hindered constantly by rising water, and stopped for whole months 
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by the spring’s deep floods from the melted snow, the work goes 
on, till a goodly row of stout mounds of masonry stem the water 
with their prow-like starlings. You laugh less; but next summer 
you laugh louder again, for you see timber, undoubted timber, 
stretching from one pier to the next. Our fool, you cry, has failed 
at last. His dream of leaping stones is over. He sees that he 
cannot span his spaces with boulders, and has gone back to the old 
tree-trunk device, which is good enough for the little stream up 
street, but will, as we know, be carried away by the first rush of 
winter water. But your laugh is not long. The logs were carried 
away, sure enough, but not by storm and stream. They were 
neatly taken down and stored when they had borne for a while the 
weight of the first proud bow of hewn rock that was a summer’s 
work of the man with the mad vision. And so, arch by arch, it 
came. A man like yourselves—only, as you say, madder (as some 
say wiser)—took of the stones that sink, took of the very sand 
that the river makes by the boisterous pounding of rocks, took of 
that human skill which the hungry waters delight to drown, and 
made from them the conquering, arching, all but living thing on 
which one autumn day you celebrated, with fluttering flags and 
music, with wine and gay clothes, the triumph of human wit over 
inhuman water.’’ 

“ Anyway,” said Harper, “ we poor savages let the people on 
the other side pay for what was presumably a gain to ourselves 
as well as to them." ‘‘ I am not so sure of that,’’ said Pargiter, 
“Гог the miracle of the bridge went a bit further. The clever folk 
on the other bank debated, it is true, whether they should charge 
you a bridge toll or put a small protective duty on the few things 
you would bring across for sale, but in the end they decided that 
your rather timid spirits might be unduly thwarted by either of 
. these impositions; they wanted your custom more than your taxes, 
so they let you come over free, and in a very few years the bridge— 
the conjurer—had satisfied its builders that you were paying in 
your simple, blind way quite enough interest on their outlay. But 
we are getting into political economics; let me bring you back to 
bridges by telling you why I suggested that our talk should be 
finished indoors. I have here a portfolio of water-colour sketches 
by one who possessed what I may call the poetry of the brush. Of 
poetry in the pen-written sense he never, as I know, wrote a single 
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line; but poetry, as distinct from prose, consists, as you are aware, 
of the expression of things perceived in such a way that they appeal 
to the higher and simpler side of the intellect. Such expression can 
be wrought by any instrument of representation, and may therefore 
be the product of paint and water no less than of ink. I claim 
that these drawings—made in the leisure hours of an exceptionally 
busy man—will help us towards that inner view of the subject 
which we are attempting to take. I might, of course, bring the 
portfolio down into the garden, but for some reason which I cannot 
explain, pictures of this kind, though made in the open air, never 
look their best out of doors. Here is the first of them, the bridge 
at Valencia, which might well serve as illustrating our imaginary 
miracle that the madman made.”’ 


THE ARTISTIC CHARACTER OF BRIDGES. 


Before we get into too exalted a frame of mind on this sub- 
fct," said Harper, ‘‘ may I venture to point out that, interesting 
as bridges are from a structural point of view, they are (even if 
ladmit your claim that they are architectural) necessarily, and for 
very clear reasons, lower down in the scale of sublimity than most 
other architectural projects. Their utility, their strenuous economy 
of material, their publicity—for they are generally for public or 
common use—and, in fine, their rather commonplace drudgery of 
service, all serve to mark them off from the monumental aspects of 
architecture as belonging to a very useful and very necessary, but 
not in the highest sense artistic, class. In fact, if you are going 
to make much of bridges you must logically go on to make archi- 
tectural capital out,of roads, for, say what you will, bridges are 
for the most part very little more than incidents in road-making. 
And it would puzzle even you, Pargiter, to preach an art sermon 
on highway s. "' 

I realised that Harper, who began these remarks in all serious- 
ness, had ended by saying a good deal more than he meant, prob- 
ably for the direct purpose of getting our friend into warmer 
enthusiasm. He was quite successful; Pargiter was glowing, but 
With a sudden thought he pulled himself up and said very calmly, 
as if changing the subject, ‘‘ Did I ever tell you the story of the 
Sunday-school teacher from Norwood? 

" I had met the пап,” said Pargiter, 
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‘at Nimes. We travelled 
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together for a few days, for I found that the little creature was 
very full of real interest in historical matters; he had quite a poet’s 
heart, and was capable of excitement when other people better 
bred, but with blunter appetites, would only show languid appre- 
ciation. So I arranged to go with him to the Pont du Gard. He 
knew that he was to see a Roman aqueduct, and he knew what 
an aqueduct was, but I wanted him to come upon it by himself. 
So we had our out-of-door déjeuner at the little inn which stands 
just out of sight of the great arches, and when it was over I told 
him to wander slowly up the valley, and I would follow him. 

Judging the time, I set out, and go to the point of view without 
discovering him. He was nowhere in sight, but he was in sound. 
At least, that voice was surely his, but the words seemed unnatural 
to his meek and well-ordered mouth, for they were the words of 
a swearer. ‘Anything wrong?’ I shouted, supposing that a 
sprained ankle was the cause. ‘ Wrong?’ he answered. ‘ No, 
I don't think anything is wrong. Why?’ ‘Oh,’ I said, ‘ you 
were using pretty strong language when I came ир!” He blushed. 
‘You didn’t think I was profane, I hope,’ he said. 'I really 
wasn't, but there is something about this—this monster that made 
me call out in the strongest and largest words I knew. Of course, 
I know it is only a water-main, just like the pipes under the road 
at home in South London; but somehow, coming on it all of a 
sudden in this country valley among all the flowers and butterflies. 
and seeing it that size, filling the whole place up like that-—sort 
of drowning the landscape—well, I don't know but what the water- 
main idea doesn't fairly make it worse. It upset me. Now, if 
it had been a triumphal arch, or a bit of a basilica or something, 
I could have taken it quietly, but to find a lonely, out-of-the-wav 
valley simply absorbed by a mass of pure common sense, so huge 
and so ancient, makes me feel that I must either swear at it as 
a work of the Devil or say my prayers. Either way I get into the 
big words.’ 

I explained to him that his attitude was a perfectly proper one, 
that it had an exact counterpart in the feelings of the Queen о! 
Sheba, in whose case the crowning wonder, that made her feel 
that she had no spirit left in her, was not the temple or the palace, 
but ‘ the way by which Solomon went up’ from one to the other— 
doubtless a bridge—and I further assured him that the Romans 
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themselves were so satisfied of the Divine potency of bridges as to 
call their own high priest by the simple title of chief bridgemaker, 
a title which to the present day a great part of Christendom gives 
to its head bishop—Pontifex or Pontiff. On the whole, I recom- 
mended him, of the two alternatives, to say his prayers, for, what- 
ever moral failings the Romans may have had, they certainly rose 
above common humanity in the building of bridges, and there is 
no reason for suggesting that this rising was in the direction of, 
or even under the direction of, Satan. 

Devil’s Bridge, however, is a title which often alights upon a 
bridge, especially upon such a one as stands inhumanly supreme 
ina desolate place. Here is one—another of the sketches—from 
the neighbourhood of Barcelona. Puente del Diablo they call it, 
and it happens, though you would not think it, to be of Roman 
origin. The little structure at the far end is the relic of a Roman 
trumphal arch, and the tall, pointed central arch, from which all 
Roman character has disappeared, is a later substitute for two 
dder arches, the central pier having no doubt failed. 

The relation of the whole design to its Roman original seems to 
me analogous to the Spanish language—a half-Moorish graft upon 
Latin. The change of the Latin Pons to Puente is the same 
frivolous transformation that the old bridge has undergone."' 

" If the Devil built the Roman bridges, who built Napoleon’s? 
What do you think of this one from the French side of the 
Pyrenees? Whether it is a true product of Napoleon I do not 
know, but it is an absolute poem on all that the word ' Napoleon ' 
means. That leap so rash and yet so assured, that exact fitting of 
available means to an end, and, to crown it all, that trim bit of 
Roman assumption in the parapet. Add to this the position in 
Nature, the rugged, lonely, and defiant spot upon which the hand 
of resistless man has been laid with infinite delicacy, yet infinite 
pertinacity, and you have here a sonnet or an essay clearer than 
any in mere words." 

© Surely,” said Harper, interrupting, ‘‘ you are beginning to fly 
rather high in your rhapsodies! The simple fact probably is that 
the bridge in question presents, in the absence of steel or chain 
construction, the most obvious and practical device for the purpose. 
It is really difficult to understand what simpler expedient Napoleon 
(or the Devil, for that matter) could have adopted. "' 
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1 ventured to cut in with the suggestion that, after all, the span 
—as I happened to know—was 150 ft., and that, whether we looked 
upon the structure as poetry or prose, devilish or Divine, it cer- 
tainly needed a bold mind to entertain the idea of flinging a bridge 
across such a chasm at all. Humbler men in a less enterprising 
Civilisation would have been content to master the difficulty by 
taking a circuitous route. 


BRIDGES AND SENTIMENT. 


Said Pargiter: '' If you are a man of sensibility at all—in the 
good Jane Austen significance of that word—you can’t look upon 
bridges in any but a sentimental light. Bridges are full of senti- 
ment, steeped in it, and unless you are accustomed to go through 
the whole of life seeing nothing but facts and figures, you are com- 
pelled to receive something of the message which almost every 
bridge bears.’’ 


” Charing Cross Bridge, for example,” said Harper, “апа that 
which exudes from Cannon Street Station like a slug from its loath- 
some lair! ”’ 


'' There,” said Pargiter, ‘‘ you rather have me. Let us wipe 
out the thought of poor old Thames by the refreshment of a glance 
at Florence—Florence from San Miniato, one of the fairest pros- 
pects in the whole world, and a prospect of which the bridges are 
the fairest part. Look at them as they glide one after another, 
marking by their perfect radiation the noble curve of the noble 
river, each true to its trust, economising its material, and springing 
from pier to pier, with as little waste of stone as will suffice to 
bear in safety from shore to shore the gaiety, the commerce, the 
beauty, and the strength of the city that was worthy to be Dante’s 
and Alberti’s home. Ponte Vecchio, the old bridge, and the 
farthest, breaks, you think, the rule of economy. But no; it only 
shows its mastery by one of those delightful thefts from the river 
of which we should have an example in London if only old London 
Bridge were still spared to us. The Ponte Vecchio is like a traveller 
who, wayfaring through difficult country, traffics as he goes. Its 
parapets are lined with shops, and many are the English pounds 
that have been lured over its enticing counters. 
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DURHAM, CoNwAv, AND MONMOUTH. 

It is hardly fair (he went on) to compare London with Florence, 
for if there is one thing more than another that bridges express, it 
is nationality; so let us set up for a minute this sketch of Durham. 
See the rugged British force of the whole composition. The bridge 
belongs to the Cathedral. Its slope emphasises the height of the 
crag on which the Cathedral stands, and its irregularity—lack of 
uniformity between one arch and another—adds immensely to the 
rough vigour of the scene. A suspension bridge can be, and often 
is, a lovely thing, but imagine, if you can, a suspension bridge 
taking the place of Durham’s rude causeway, and you will realise 
that it would spoil the picture absolutely." 

I instanced the suspension bridge at Conway as an example of 
the discord to which Pargiter referred, but he was not wholly will- 
ing to agree, declaring, with delightful inconsistency, that the 
lightness and modern grace of the steel-rope structure gave force 
and mass to the Castle, and was consequently of pictorial value. 

'" Your mention of Wales,” he added, ‘‘ reminds me of Mon- 
mouth and its truly excellent bridge. The first time that I saw 
it—quite unprepared—it gave me a shock. І could not believe 
that I was in Britain. The bare idea of a bridge having anything 
on it in the way of a bridge house, or a chapel, or other structure, 
is so entirely foreign to our island’s methods. England is fear- 
fully parsimonious in the matter of little excesses of this kind, so 
that one’s first involuntary cry on seeing such a development is, 
‘How did they afford it?’ Compare this with a Nuremberg 
example, and you will hardly guess which is the English and which 
the German. 

There is great charm about a bridge with something on it—of 
course, as an alternative to the bridge which is a bridge alone. 
That is one reason for our bitter regret at the loss of old London 
Bridge. That and Florence's Ponte Vecchio, and in a different 
degree Venice's Rialto Bridge, are instances of the instinct to make 
good financial use of the space which the bridge has won from the 
water, a picturesque act of commercialism which might well be 
repeated in modern times. 

Why we habitually shrink from the chance of making a bridge 
Pay rent for its existence by a row of shops is more than I, for 
one, can understand. 
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Of bridges with things on them there are several kinds. There 
is the covered bridge, of which there are two at Lucerne; there is 
the bridge with a chapel, of which even England has one or two 
examples; there is the noble bridge at Pavia with both roof and 
chapel. Then there is the festive Roman idea of a bridge with one 
or two triumphal arches. We saw the rudiment of this in the 
Puente del Diablo; a better example is the bridge at St. Chamas, 
of which I have found an old engraving. Even you, Harper, must 
allow that such a bridge is sentimental, for a triumphal arch has 
no meaning whatever but a sentimental meaning. It is a costly 
expression of pride.’’ 

'* I am not quite so sure of that,” said Harper, ''for you will 
probably find that a good many so-called triumphal arches are in 
reality merely glorified versions of toll-bars or customs-barriers, 
and those placed upon a bridge may very probably have served 
both purposes. But I see you have there a photograph of the 
Palladian Bridge at Prior Park, Bath, which, like that at Wilton, 
I frankly admit to be a mere piece of building for effect. In fact, 
it is a garden ornament, to be classed with statues, urns, and 
fountains among those products of masonic and sculptural art 
which, by their presentation of ornament without use, are thereby 
removed from architecture according to my definitions of that art. '' 

'* You аге on very dangerous ground,” said Pargiter (for if you 
talk of ornament without use you imply that there is no use for 
ornament), “ but if we enter that ground now I fear we shall never 
get through our portfolio and its enjoyment."' 

'* Very good," said Harper. ‘‘ Let us leave the dangerous 
ground, but before you proceed to say anything on the subject of 
large towns with large bridges on large rivers I want to put in a 
word of common-sense caution. You are off on the tack, Pargiter, 
of seeing something more than meets the eye in every bridge that 
ever was built, and before we get too far in our flights I have just 
a word to say. 


We all know the story of the innocent person who observed that 
all the larger rivers of the world seemed to make a point of running 
through or by the largest towns. The fact, of course, is that 


ancient cities needed a river (if they could possibly secure a site 
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upon one) for transport, for water supply, and for defence. Here 
were three great natural advantages to be had for nothing, and 
only one disadvantage, the need to cross the river, which need was 
met by the inevitable bridge. 

Thus it comes about that to most medieval cities—for most of 
them managed to fulfil their desire in finding a river and settling 
by or on it—to most medizval cities a substantial bridge was a 
common utilitarian adjunct as general and as unworthy of special 
artistic enthusiasm as the railway-station, which is the common 
accompaniment of the modern city. I have here a photograph in 
point. It is the fairly well-known Ponte del Ammiraglio, outside 
Palermo. I admit it is a well-built, bold, and a very ancient struc- 
ture, but it would be a mistake to look upon it as one of the wonders 
of the architectural world, or as conveying one of those poetic 
messages which you, my friend, are seeking to find in every com- 
bination of piers and arches." 

Pargiter looked steadily at the photograph, and said: '' You 
have an eye like a Kodak, Harper, and I am prepared to admit 
that the camera which took that view missed a good deal of what 
there was to be seen. I am not willing to say that even that bald 
presentment fails to convey to me something of the spirit which 
is really in the bridge, but I do certainly claim that the sketch— 
for, oddly enough, there is in the portfolio a sketch of the same 
subject—sees more and says more. 


TOLEDO AND LIMBURG. 


But while we are on this side of the subject, just think of Toledo. 
Toledo on the map occupies a peninsula three parts surrounded 
by the Tagus. A bridge or two is everything to Toledo—neces- 
Sities, if you will, but none the less gloriously important. To be 
bridge to Toledo is a proud office. Why, a king is a necessity 
(to some of us), and a coachman is a necessity to the Lord Mayor; 
but you don’t think that king or coachman are the less proud for 
their needfulness. The bridges of Toledo know fairly well the glory 
of their office, and don’t they just show it? Look at this one. 
There is no commonplace drudgery about this fellow; he certainly 
has his duty to perform, an everyday duty of conveyance, but 
he goes about it with the gaiety proper to the drummer of a 
cavalry regiment, and if you were to walk over him you would 
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feel pride arching his back in every yard of his up-and-down 
gradient. And should you wish to know how Toledo’s other bridge 
bears its burden of office, go and see it by moonlight as painted 
by Harold Speed in the Tate Gallery. 

Your position, Harper, that necessitous duty knocks the senti- 
ment out of these friends of man, is no good. Look at'Limburg. 
Limburg doesn't say that, having settled on the River Lahn for 
commercial and strategic reasons, it has built a bridge as a traffic 
necessity. Notabit. Itsays, in defiance of history and geography, 
Here am 1, Limburg. I have chosen a fair hill-slope for my town- 
ship, I have ordered a majestic crag for my cathedral, and, to 
make my picture perfect and to show that I am lord of my great 
river, as well as of my noble landscape, I have flung across a 
bridge—such a bridge. And what does the bridge do for the 
cathedral? Everything. It makes length to emphasise the cathe- 
dral's height, it makes mass to emphasise its detail, foreground 
to give distance, colour to catch sunshine. Where is your rail- 
way-station now? 


WHAT BRIDGES TELL. 


No; you can make nothing of your assumption that a bridge is 
a mere fact. Take even these two quiet English works from the 
River Thames. What do they tell? A whole story. British 
character, for one thing; for another, that, though standing in a 
country landscape, they are near a large and cultivated town. They 
tell you that the road they carry is an important one; they tell you 
that they belong to an age in which bridges still ranked as archi- 
tecture; and their classic detail tells, what classic detail always 
tells, that the men who built them belong to a brotherhood wider 
than Europe and as old as Greece. 

If you are to criticise them, it will be to say that they are not 
at one with their surroundings, but they are not wholly meant to 
be; they are the advance-guard of London coming forward to meet 
the traveller with a foretaste of the town and its culture. | 

But if you come to speak of fitness among surroundings, see how 
these three arches over the moat at Kentwell Hall take their place 
among the trees—so tenderly, so perfectly, that they £'most add 
to the very silence of the scene! ”’ 

I asked Pargiter if there were any sketch of the bridge at 
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feel pride arching his back in every yard of his up-and-down 
gradient. And should you wish to know how Toledo’s other bridge 
bears its burden of office, go and see it by moonlight as painted 
by Harold Speed in the Tate Gallery. | 
Your position, Harper, that necessitous duty knocks the senti- 
ment out of these friends of man, is no good. Look at' Limburg. 
Limburg doesn’t say that, having settled on the River Lahn for 
commercial and strategic reasons, it has built a bridge as a traffic 
necessity. Nota bit. It says, in defiance of history and geogr aphy, 
Here ат I, Limburg. І have chosen a fair hill-slope for my town- 
ship, I have ordered a majestic crag for my cathedral, and, to 
make my picture perfect and to show that I am lord of my great 
river, as well as of my noble landscape, I have flung across 4 
bridge—such a bridge. And what does the bridge do for the 
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Avignon. ‘‘ Alas, по!” he said. ‘‘ I wish there were. Such a 
bridge as it must have been! The lean fragment that remains is 
like a greyhound—a bit of tense, almost muscular, masonry. Its 
very destruction seems to show how fine in its case was the margin 
between weight and energy. 

And what have we here—the last in the portfolio? The bridge 
of Prague. Whatachange! Неге is nationality with a vengeance. 
No English town, no French, could have expressed itself in such 
aguise. Look at its gallery of statues; look at its towers, at their 
challenging inequality, their fantastic shape! The crucifix that 
crowns the bridge’s centre was paid for, so they say, from the fine 
laid upon a Jew who had reviled the Cross. There, indeed, was a 
rich riot of faith, and faith is a great thing among: bridges.”’ | 

This is, perhaps, hardly the place in which to tell you verbatim 
the things that Pargiter was led on to say as the result of this 
train of thought. You can perhaps guess his direction. He sug- 
gested that the kind of man who, for one reason or another, takes 
no heed of sacred emblems might yet find it in him to raise his 
hat when he came upon such a symbol in such a place as the 
crown of a noble bridge. A host of ideas ran through our friend’s 
mind and found utterance. Art and skill, he said, had conquered 
Nature and force; but was that all? What of the old river god 
and the Divinity that now stood over him? Was there nothing 
inthat thought? And, even apart from this, he said, if you don’t 
care for Christian imagery and take no account of pagan 
mythology, you still must have some faith in the doctrine of out- 
ward and visible signs. Those ‘‘ books in the running brook, 
sermons in stones, and good in everything ” that Shakespeare tells 
of are very real, and to all but the blindest very intelligible, very 
readable. | 

“ Depend upon it," said Pargiter, “ every bridge has had а 
bridge-maker, a pontifex, and every pontifex is a priest, and every 
priest has his message. 

Nationality, character, mood, temperament, welcome, defiance, 
joy, gloom—all these are songs that a bridge can sing. But 
through them all and with them all it sings by its mere being, by 
its mere act, the song of the passing, the song of the river crossed, 
the song of the coming over, which is an overcoming. And for 
those that overcome there is a crown." 
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We two came out from Pargiter’s room and said good-bye. 1 
walked home with Harper. We didn't talk for a space. Then 
I said, ‘‘ You rather curbed our friend once or twice, but I daresay 
you did well, or meant well, in bringing him down to earth. Any- 
how, I know he never thinks the worse of you for it.” 

I said this because I thought he might be feeling remorseful. 

His reply rather astonished me. ‘‘ I don't care,” he said, '* what 
Pargiter thinks, but I am sure that in all he said to-day he was 
perfectly right.” 


Discussion. on the Paper. 


Mr. W. T. Dunn (Chairman of the Junior Institution of Engi- 
neers), in proposing a vote of thanks, spoke of the novel and 
admirable paper which Mr. Waterhouse had read. As engineers 
they had expected to hear something as to the design of bridges 
and as to materials. The lecturer had shown Mr. Waterhouse 
not only as a capable architect, but also as an artist and a word- 
painter. 

Mr. H. H. Statham seconded the vote of thanks, and said that 
the lecture had been essentially one on the poetry and picturesque 
of bridges, and they would be prepared to hear from their engi- 
neering visitors that there was another side to it. As an example 
of an engineering bridge which was perfectly simple but effective, 
there was the tubular bridge over the Menai Straits—a practical 
construction in which there was nothing which offended the taste. 
What architects felt about engineering structures was that they 
would like them better if there was no architecture upon them. 
He was a great admirer of the Forth Bridge, but if any attempt 
had been made to ornament that structure it would have been 
gimcrack. It was expressive because of its enormous size and 
grandeur of structure. 

Mr. Percy Waldram, in supporting the vote of thanks, said a 
bridge was a thing with muscles and life, and no bridge designer 
could think of the creation of bridges with their huge arms and 
muscles spanning great spaces without a very keen sense of 
responsibility. As to the question between architects and engi- 
neers, it really came to this—i.e., whether engineers knew enough 
about architecture, or whether architects knew enough about engi- 
neering. There was a great deal in the point of view that as 
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structural work truly expresses itself so it grew in beauty, and 
the putting together of materials in the erection of such works as 
bridges was not a mechanical operation only. Engineers often 
built ugly structures, but that was not because they were engi- 
neers, but because of their bad engineering—not because they 
knew too much of stresses, strains, and thrusts, but because they 
knew too little. As to reinforced concrete for large bridge spans, 
he thought it was open to serious objection, concrete being such 
а weak material, weaker even than wood. If the arch of a bridge 
followed the line of thrusts, there ought to be little need for rein- 
forcement; and, if there were, he thought it was generally due to 
bad designing. Engineering and architecture were not alien one 
to the other; they were the necessary complement of each other. 

Mr. J. J. Burnet said he thought such mixed events were pro- 
vocative of good engineering and the best architecture. He 
thought that no artistic thought given to a bridge should take 
away the engineer’s work. The first duty of a bridge was to span 
à river or something and do its practical work, and an architect - 
could come in to make the design suitable to its surroundings— 
to give an artistic rendering to the highest mechanical realisation. 
The Forth Bridge was a remarkable work, but some day some- 
thing would be done to bring it a little more into sympathy with 
the landscape. He thought the bridge at Prague and the one at 
Toledo were excellent examples of the artist bringing the bridge 
form into harmony with the surroundings of the town. There was 
not a more picturesque example of a bridge than the one at Prague. 
Architects ought to be sufficiently well trained in engincering to 
be able, if they saw the engineer’s first sketch of a bridge, to 
make sympathetic suggestions so as to give the design more rela- 
tion to its surroundings and to suggest alteration for its improve- 
ment. The fault was that neither engineer nor architects knew 
quite enough to sympathise with the responsibilities of the other. 
The Principal delight in bridge work must be its obvious integrity 
9) Purpose, open to the understanding of everyone. 

Mr. Percy Young having spoken, 
| Mr. А, Т, Bolton said the bridge was immensely simplified when 
t had a natural setting—when there was a cliff from which it 
sould Spring, giving the idea that it united in a most perfect way 
with its Surroundings. That was one of the great features of 
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Waterloo Bridge, and he was not acquainted with any bridge 
which had the same beautiful finish; and the bridge was remark- 
able because the architectural element was so strongly introduced— 
the columns, though they had no practical structural purpose, 
were introduced in a way which made them never seem excres- 
cences. London Bridge had a more utilitarian and compact aspect 
in the way the columns were introduced. He could not help think- 
ing that at the beginning of the nineteenth century there was a 
much better feeling between engineers and architects than had 
existed since. Engineers of that day seemed more disposed to 
work with architects and more disposed to artistic influence. 
Some of the mistakes of architecture among engineers were due 
to the deplorable summary of architecture which used to exist in 
engineering handbooks, and probably they did not exist now. 
Engineers got a sort of idea that all they had to do was to get 
hold of these summary facts and apply them. He could not see 
why we should not have bridges lined with shops, and, as far as 
he knew, there was no real objection to it. In the erection of 
future bridges there should be more co-operation between archi- 
tects and engineers. 

Mr. Philpot having spoken, 

Mr. H. W. FitzSimons said, as to reinforced concrete bridges, 
if a moving load were placed upon an arch, and if the arch had a 
very slight rise compared with the span, then provision had to 
be made for resistance to the tension stresses which came into 
the arch. No matter how the arch was shaped, there must be a 
tendency to tensile stress. As to Conway Bridge, engineers 
regarded it with a little reverence, as it was one of Telford’s first 
bridges and one of the earliest structures of its kind. It had fully 
carried out its purpose until recently, when it had to be strength- 
ened. The sketches they had seen were very beautiful, but think 
of designing such bridges nowadays! What would a Parliamen- 
tary Committee say to an engineer who proposed the small spans 
of some of the river bridges shown? Engineers had to provide 
now for as large a span as possible, as high a headway under- 
neath, and as low a gradient as possible, and it was difficult to 
bring all these points into proper relation one to the other. The 
probability was that if engineers worked more with architects, 
better results would be obtained, but it was a difficult question as 
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to where one was to leave off and the other commence; and it was 
certainly difficult in regarding it from the financial point of view, 
for public bodies acknowledged one of the professions, but would 
not acknowledge both. Some of the Continental steel bridges 
were beautiful structures, and he did not think exception could be 
taken to them. A bridge was a structure intended to carry traffic, 
and under present conditions the man who must design such a 
work was he who had been specially trained so to do, and he did 
not think that architects could deny this to be the work of an 
engineer. 


Mr. S. Bylander said he did not think it was impossible to make 
a steel bridge beautiful, and he instanced the Washington Bridge, | 
with its two large arch spans, at least 500 ft. each; under one 
was the river, and under the other eight lines of railway. The 
bridge was entirely built of steel, and, to his mind, it looked beauti- 
ful. As to stress, it was interesting to look at the Brooklyn Bridge 
as trains crossed, and see the movement of the members due to 
increased stress. A bridge was more interesting than a machine 
—a machine had regular movement, while the stresses in a bridge 
varied greatly. 


The Chairman, in putting the vote of thanks to the meeting, 
said that such meetings led to a better understanding between the 
two professions. One could not help being struck by the way in 
which engineers approached the question. One gentleman said that 
Parliamentary Committees would not agree to a bridge which con- 
tained as many arches as the bridge at Limburg. Very likely not; 
but Parliamentary Committees would tolerate bridges expressive of 
the needs and the powers of design of the time. If there had been 
a Parliamentary Committee at Limburg they would have passed 
that bridge with acclamation, because it was a bridge which was 
thoroughly imbued with the spirit of its own age. If we could 
learn from the past—if we could realise that the Roman bridge 
builders were as much artists when they were building a bridge as 
when they were building a basilica, perhaps we should all try to 
combine together—architects and engineers—to make our bridges 
always things of beauty. If we could come to some agreement 
when a bridge is being designed to make it beautiful, he thought 
It would be a great advantage. 
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The vote of thanks having been carried very heartily, 

Mr. Waterhouse, in replying, said, as to the great question 
between architects and engineers, he felt that the craft of both of 
them was so very big that neither of them would ever get to the 
end of it. They could not be giants combining both functions in 
one, though the ideal solution of the question was that designers 
should be almighty, combining both professions; then everything 
would go very well! In the meantime, he felt the problem was, so 
to speak, an insoluble one. There had been a seeming indication 
that he was not friendly to suspension bridges, whereas he had 
a great reverence for them. As to the Forth Bridge, he could 
only say that, though it was in a sense an ugly thing, it was 
nevertheless one of the most wonderful things in the world. But 
really ugly was not the right word to use; it was a compelling 
thing, and he mentioned the ugliness only in order to emphasise 
the immense force it exercised on him and, he believed, on every- 
one else who looked at it wonderingly and respectfully. It filled 
him with amazement every time he saw it, and it threw over all 
his preconceived ideas of architecture and the rules of art. It was 
a thing full of spirit, life, and idea. 
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ARTICLES AND The Council have this session been seriously con- 


BYE-LAWS. sidering the desirability of adopting certain new 
Rules, and have commissioned the writer to give a few notes on 
the matter for the information of our fellow-members. 

In the old days, before the Incorporation of the Institution, it 
was a standing joke that at each Annual General Meeting a crop 
of new Rules might be expected. This, perhaps, was not altogether 
a bad thing, as it sustained the interest of the individual Member 
in the management of the affairs of the Institution. 

The obtaining of our Incorporation in 1905 stopped this, and gave 
us more or less a fixed set of Articles, which can only be modified by 
the consent of the Board of Trade and by some expenditure in fees, 
and in consequence we might have been content to go on as we 
are but for the fact that Mr. Walter T. Dunn has resigned the 
Secretaryship. Much of the work of the past, which could not be 
regarded as secretarial work, he had taken on his shoulders. 

With a new Secretary, the present Council had to consider this 
position and take certain duties much more seriously in hand them- 
selves. 

They have dealt so far with the difficulty by appointing three 
principal Committees from the Members of Council :— 

1. Finance and General Purposes. 
2. Membership (to which the Reception Committee is 
attached). 
3. Publications. 
And, in addition, other Special Purposes Committees are appointed 
from time to time as required. 

It was considered most undesirable that any one Member of 
Council should be asked to serve on more than one such principal 
Committee, on account of the very large amount of work to be 
done by each Committee; and, further, it was considered unfair to 
call upon past Chairmen to fill such places, they being very busy 
men, and having given in the past all the time one could reason- 
ably expect in the service of the Institution. 

With the present constitution of the Council, however, consisting 
as it does of eight ordinary Members, two Vice-Chairmen, one 
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Librarian and the Chairman—twelve in all—it is impossible, with- 
out overlapping, to fill the various Committees, each of which 
should consist of at least four ordinary Members of Council, in 
addition to the Chairman of the Institution. 

The experience of Councillors has also shown that some extension 
of time of service is desirable, owing to the fact that the early 
days of service are chiefly occupied by getting into the run of things, 
and the maximum benefit to the Institution is not generally obtained 
from any particular Member of Council until after his first year 
of office. 

His best work is done usually in the second year, and then we 
lose him. This does not seem the best thing for the Institution. 


Further, the Council always have in mind the raison d’étre of 
the Institution—namely, that it was established for the junior 
members of the profession, and welcome every movement which 
benefits the junior Members and keeps their cause to the fore- 
front. For this reason one of our existing Articles provides that 
at least two out of the eight ordinary Members of Council must 
be under twenty-one; but it has been found difficult to find such 
youthful members who will even stand for election. It would 
appear, therefore, that in fixing the age limit at twenty-one for 
these two Councillors, it has been placed too low to get practical 
results. 

At the same time, the Council feel that there are a very large 
number of our Members under twenty-six years of age who could 
give valuable service to the Institution, and especially could help 
to keep some of their seniors in touch with the feelings and require- 
ments of the younger Members of the Institution. 


It also appears desirable—and, indeed, almost essential—to alter 
Article 59 to enable the Annual General Meeting to take place not 
later than in November of each year, instead of in October, so as 
to give further time between the close of the financial year (30th 
September) and the Annual General Meeting for the preparation 
of accounts and report. 

In order to deal with the above matters, the Council therefore 
decided to recommend to the Members that :— 

1. The number of the ordinary Members of Council be 
increased from eight to twelve. 
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2. The term of office of ordinary Members of Council be 
increased from two to three years. 

3. Of the twelve Members of Council, at least three shall 
be under twenty-six. | 

4. To alter Article 59 in the Articles of Incorporation to 
make the latest time for holding the Annual General 
Meeting November instead of October. 

Any such suggested alterations to the Rules involves a good 
deal of trouble and some expense, and cannot, therefore, be 
frequently repeated. Many Members may have good ideas as to 
the desirability of other alterations or amendments to the Articles 
and Bye-Laws, and it is particularly desired that they put these for- 
ward at once by written communications to the Council, in ample 
time for their consideration before the Agenda is drafted for an 
Extraordinary General Meeting, which will have to be convened 
shortly specially for the purpose, as the Council are anxious that the 
proposed revised Articles, especially that referring to the enlarge- 
ment of the Council, if adopted by the Members, should be put 
into force at once, so that the enlarged Council may be elected at 
the next Annual General Meeting. 

The Council will welcome any suggestions which will increase 
the efficiency and progress of the Institution, and Members should 
take advantage of the opportunity now afforded for any desirable 
amendment of the Articles and Bye-Laws to be carried out, as 
such, as explained, is not likely to recur for some years. 

К. Е. KRALL. 
OBSERVATIONS 
IN GENERAL. 


A notable event of the past month has been the conferment of 
the Order of Merit on our past President, Sir J. J. Thomson, F.R.S. 
The recipients of such favours are generally of two classes, viz., 
those that add distinction to the Order, and those to whom the 
award adds distinction. 

In the present instance, His Majesty’s advisers have honoured 
themselves rather than Prof. Thomson, whose position is too well 
established to receive any enhancement from its somewhat tardy 
recognition by those set in authority over us. Ability, in the 
Dot too reputable trade of the politician, is, of course, readily 
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rewarded by brother politicians, but the whole spirit of politics is 
so opposed to that of the scientific investigator, that there is really 
little room for surprise in the fact that when honours are being 
bestowed, the scientific man, however great his ability, comes 
home a poor second to the party hack, whose calling in life is to 
distort facts in the attempt to make them square with the pre- 
conceived theories of his associates. In the end, however, science 
is justified of her children, since the work of the physicist and 
engineer remain for the benefit of remote posterity, long after the 
party squabbles of the politician have passed into oblivion. 

+ ж ж ж ж ж 


The British Science Guild have issued a preliminary report оп 


, 


“ Natural Sources of Energy," and it is of interest to note, in 
view of the attention now excited by the oil engine, that, accord- 
ing to Sir Boverton Redwood, the present output of oil, if used 
solely for power production, would not suffice to provide more than 
one-sixth of the world's demand for power. Some of the older 
oil fields in the United States are, he says, already approaching 
exhaustion, and, according to Dr. D. T. Day, of the United States 
Geological Survey, the life of the better known fields is not 
likely to be extended beyond 1935. The practicability of using 
vegetable oils in place of mineral may, however, free the oil engine 
from the restrictions which might otherwise result from a dearth 
of mineral oils, and, of course, important oil fields may well be dis- 
covered in other parts of the globe. At present, the United States 
furnish 633 per cent. of the total output, and the Russian fields 
nearly 22 per cent. 


* ж ж ж ж ж 


Steam, however, is by no means yet done with, even in the 
case of relatively small units, since recent tests of a steam turbine 
of only 1,000 k.w. capacity have shown a consumption of only 
8.1 Ibs. of steam per shaft h.p. hour, and it is doubtful whether 
a gas engine of similar capacity, using producer gas could show 
over this any substantial saving in fuel. In small units up to 
900 h.p., or perhaps a little more, the advantage lies, however, 
with the gas engine, and this becomes the more accentuated the 
smaller the engine, since as high an efficiency is reached with a 
60 h.p. gas engine as with one developing 1,000 b.h.p. 
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Big gas engines work best with blast-furnace gas, the low 
calorific value of which conduces to freedom from pre-ignitions. 
Where a supply of such gas is available, power can be generated 
very Cheaply, probably much more so than with most water-power 
installations. The cost of the latter varies greatly, but generally 
rules somewhat high. Even under the favourable conditions at 
Niagara the cost was such that a few years ago the price asked for 
current for electrochemical manufacturing processes was higher 
than was being charged for similar purposes at Carville. The 
writer has no information as to how matters stand at present, as 
charges may have been reduced. But there certainly seems reason 
to believe that power from blast-furnace gases should be able to 
compete with success even against the very cheap water-power 
installations of Norway. Mr. Dugald Clerk estimates that from 
the blast furnaces and coke ovens of the United Kingdom there 
ought to be about 840,000 b.h.p. available. 


ж + + + “ “ 


Attention may perhaps Бе called here to а very valuable and 
instructive paper on ‘‘ La Recherche de la Legérété dans Con- 
structions Metalliques,’’ which M. G. L. Gerard, of 3 Rue du Parc 
Charleroi, has recently contributed to the Revue Universeile des 
Minis, and which has been reprinted by the author. The paper 
discusses the relative advantages of plate and lattice girders for 
travelling cranes and the like, and gives figures showing that for 
spans of from 40 to 80 ft. the use of plate girders involves 
increases of from 10 to 24 per cent. in the total weight, using the 
same factors of safety. A special section is devoted to a con- 
sideration of the minimum thinness of plate and minimum sections 
that it is advisable to use in different conditions. A perusal of 
the paper gives the impression that the German bridge designers 
are the least scientific in Europe, calculation based on neces- 
sarily inexact hypotheses replacing common sense and experience 
to what appears to be an inordinate extent. The fact is, methods 
of calculation can be taught in technical schools, whilst judgment 
is much harder to come by. Owing to the labours of M. Rabut, 
the scientific design of bridges has been developed farther in 
France than anywhere else. Whilst in other countries engineers 
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have contented themselves with assumptions, M. Rabut has dis- 
covered, by means of experiment, the real facts as to the stresses 
actually supported by bridge members. 


* * * * * * 


Probably most of us know that plate glass is often remarkably 
flat, but it is perhaps less common knowledge that its accuracy of 
form is often comparable with that of ordinary surface plates; yet 
this is what is established by some measurements recently made 
at the National Physical Laboratory by Mr. P. E. Shaw. А sur- 
face plate 2 ft. across proved to be in error by бо in 12 in. A 
specimen of plate glass showed errors ranging from то up to 
тоосу Of an inch, one piece being very nearly flat and parallel, its 
maximum error being 44555 in. convex. Small surface plates 
measuring 10 in. by 8 in., specially prepared for the test, appeared 
to be true within the limits of the testing device used. 


PERSONAL NOTES 
OF MEMBERS. 


ALEC F. CAMPBELL has become a pupil of Mr. W. E. Thornhill, 
the London and North Western Railway (Central) Divisional 
Engineer. He is at present in the Drawing Office, but will 
later on be engaged on surveying etc., on the line. 

GEORGE E. CLARE has been in England for the past six months, 
during which time he has visited all the principal Engineering 
Works in Great Britain and the Continent, and has now returned 
to take up his duties as Engineer to Messrs. Tait and Company, 
of Kobe, Japan. 

Н. Т. GOULD wishes correspondents to use 17 Quay Street, Cardiff, 
as his address. 

PHILIP T. HINE has obtained a situation in the Drawing Office of 
Messrs. Vickers Ltd., Vickers House, The Broadway, West 
minster, S. W. ; 13 Elmhurst Road, Forest Gate, E. 
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Сгкков, W. E. F., 16 Vaughan Gardens, Ilford. 

FAIRBROTHER, C., 54 Dalmeny Road, Tufnell Park, N. 

Gray, T. C., 82 Leith Mansions, Maida Vale, W. 

ManTIN, G. W., Atmospheric Steam Heating Co., 22 The Broadway, 
Westminster. (5833 Victoria.) 

MITCHELL, A. R., 54 Gracechurch Street, E.C. 

NAPIER, Е. D. G., 134 Brondesbury Park, N.W. 

PORTER, E. W., Clachnaharry House, Clachnaharry, Inverness, N.B. 

Port, G. W., 14 Minstead Road, Gravelly Hill, Birmingham. 
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SHAW, C. F., c/o Arabian Mission, Bussah, Persian Gulf, via 
Bombay. 

TAYLOR, F. H., 19 Old Queen Street, Westminster. (7457 Victoria.) 

THORPE, W., Hatherleigh, 108 Elliscombe Road, Charlton. 

WALMSLEY, R., 22 Lethbridge Road, Southport. 

WATERS, S. J., Airlie, Canterbury Road, South Farnborough, Hants. 

WATES, S. B., 39 Argyle Road, West Ealing. 

Watson, Е. P., Bognor Gas Light and Coke Company, 4 The 
Parade, London Road, Bognor. 


MEMBERSHIP ELECTIONS. 
Members. 


BROAD, ERNEST; Queen Аппев Mansions, St. James’ Park, 
Westminster, S.W.; and 60 Honeywell Road, Wandsworth, 
S.W. (5510 Westminster ; Griansions, London.) 

BUTLER, RICHARD KINGSLEY; 8 Barlow Road, Acton, W.; and 
Underground Electric Railway Company, London. 

MACFARLANE, PETER GEORGE ; Messrs. Walker, Sons and Company, 
Colombo, Ceylon. 

ROLT, FREDERICK HENRY; 1 Salisbury Road Wimbledon; and 
Messrs. Babcock and Wilcox, Ltd., Oriel House, Farringdon 
Street, London, E.C. 

SMITH, WILLIAM JAMES; 501 Wandsworth Road, Clapham, S.W. ; 
and c/o The E. W. Bliss Company, Acre Street, New Road, 
Battersea, S.W. (1042 Brixton.) 


Assocíates. 


EVANS, FRANK FOSTER; The Underfeed Stoker Company, Coventry 
House, South Place, E.C. ; and 34 Ridgmount Gardens, W.C. 
(5257-8 Wall; clo Underfeed, London.) 

FIELD, HAROLD ERNEST; Elmfield, Stone, Aylesbury. (Stone, 
Aylesbury.) 

Галт, Том HERBERT; 4 Woodside Lane, North Finchley, N. ; and 
Messrs. C. Harzer and Company, Finsbury Pavement House, 
E.C. (2382 Wall; c/o Filtering, London.) 

LOBB, ARTHUR FREDERICK ; 15 Stonor Road, West Kensington, W. ; 
and Messrs. J. Stone and Company, Deptford. (1202 New 
Cross.) 

MorGAN, CYRIL FAULKNER; Messrs. Apol, Ltd., 158 Palace 
Chambers, Westminster, S. W. ; and 8 Cromwell Place, Mortlake 
Green, S.W. (2001 Victoria; c/o Emissivity, London.) 

Woop, Davip WILLIAM; 6 Cecil Road, Muswell Hill, N.; and 
Ocean Accident and Guarantee Corporation, Ltd., 36-44 
Moorgate Street, Е.С. (380 Wall; c/o Ocean, London.) 


Transferred from Associates to Members. 
ATTWOOD, ALBERT ARTHUR ; 56 St. Stephen’s Road, North Bow, E. 
GROUNDWATER, WILLIAM CHARLES PuRVIS; Rising Sun Petroleum 
Company, Yokohama, Japan. 
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CORRESPONDENCE. 


Description of Building for National Finance Co., 
Vancouver, B.C. 

PuiLir P. BRown (Member), of 415 Pacific Building, Vancouver, 
B.C., sends us the following description of the above building, 
for which he is the engineer :— 

This building is designed for use as offices of manufacturers' 
agents, or as a warehouse. It is strictly of fireproof construction; 
all partitions are of Sullivan fireproof tile, all elevator shafts 
enclosed in fireproof partitions and with wire glass doors. There 
are nine floors above the basement at the Canadian Pacific Railway 
track level, and seven floors above the ground level on Howe Street. 
The main entrance is on Howe Street. The elevations to the 
Canadian Pacific Railway and Howe Street have marble base, stone 
to fourth-floor level and pressed brick above. АП cills are of stone. 
The elevations to lane and lot line are of concrete, steel sashes being 
set directly in same on stone cills. 

The National Finance building is the highest reinforced concrete 
building in Vancouver. Height 180 feet from underside of foot- 
ings at Canadian Pacific Railway track level to top of coping. 
Total floor area, 40,000 sq. ft. 

Floor loads— 
lst and 2nd—300 lbs. per sq. ft. on 7 in. slab. 
. 8га to 9th—250 Ibs. per sq. ft. оп 6 in. slab. 
Roof loads— | 
150 lbs. рег sq. ft. on 5 in. slab. 
Panels, 15 ft. square, reinforced both ways. 


Stresses— 
Concrete Beams ... ... 650 Ibs. per sq. ft. 
Concrete Floors _... ... 90 Ibs. per sq. ft. 
Concrete Lattice Columns ... 500 Ibs. per sq. ft. 
Concrete Hooped  ... ... 700 Ibs. per sq. ft. 


Steel in Beams, 16,000 per sq. in. Plain squares. 
Steel in Floors, 20,000 per sq. in. Twisted squares. 
Total safe load on Columns (Modified Considere Formula) 
= 700A.— 10,500 (A, + 2A,,) where А. = area of concrete, 
A, = area of vertical steel 
A,,= area of steel hooping per 
foot of column. 
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Maximum total Column load — 800,000 ibs. 

Load per square oe on Foundations = 16,000 lbs. (on Hard Pan 
semi rock.) 

Total cost of building, including excavation, £25,000; equal to 
9d. per cube foot. 


The floors were erected at the rate of one per week from the 
time the first one was poured. 


RAILLESS ELECTRIC TRACTION. 

The Sixth Meeting of the Thirty-first Session was held at 
the Institution of Electrical Engineers, Victoria Embankment, on 
Tuesday, 12th March, 1912, Mr. Walter T. Dunn (Chairman) 
taking the chair at 8 p.m. The attendance was 87. 

The minutes of the previous meeting were read, confirmed and 
signed. 


The following new membership elections were announced :— 


Member : 

Peter George Macfarlane ... Js Colombo. 

Associates - 
Erank Foster Evans ... jas iis Holborn. 
Tom Herbert Lait  ... ss io North Finchley. 
David William Wood $28 Кр Muswell Hill. 

Transferred from Associate to Member 2 

Albert Arthur Attwood ind -— North Bow. 
William Charles Purvis Groundwater Yokohama, Japan. 


A paper on ‘‘ Railless Electric Traction’? was then read by 
Mr. Bertram D. Fox, B.A., Assoc. M.Inst.C. E. 

Moved from the chair, a hearty vote of thanks was accorded the 
author for his paper, and a discussion followed, in which Messrs. 
B. E. Dunbar Kilburn, G. T. Wilkinson, W. A. Tookey, T. Elder, 
H. 0. Burge, À. W. Marshall, Lydall, E. M. Munro and G. J. 
Hartley took part. 

The author having replied, the proceedings terminated with the 
announcement of the ensuing visit on Saturday morning, 16th 
March, to the Lots Road Generating Station of the Metropolitan 
Railway Company, at Chelsea; of the Smoking Concert on Friday 
evening, 29th March, at the Criterion Restaurant, Piccadilly; and 
of the meeting on Wednesday, 17th April, when a paper on 
“Dynamo Design ’’ would be read by Mr. E. Kilburn Scott, 
Assoc.M.Inst.C.E., M.I.E.E. 
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LOTS ROAD GENERATING STATION. 


The Seventh Visit of the thirty-first session took place on 
Saturday morning, 16th March, to the Lots Road Generating 
Station of the Metropolitan Railway Company, by kind invitation 
of J. W. Towle, Esq., Resident Engineer. The members were 
conducted over the works by Messrs. J. H. Millen and A. B. 
Clark. At the conclusion of the visit, the thanks of the Institution 
for the special arrangements which had been made for the recep- 
tion of the members, were expressed by Mr. J. B. Knowles 
(Member of Council), to which Mr. Miller replied. 


The following notes have been kindly supplied by Mr. Towle :— 


The site of the station comprises 32 acres of land, with a water 
frontage on the Thames and on Chelsea Creek of 1,100 feet, and 
a frontage on Lots Road, Chelsea, of 824 feet. 


The building is 453 feet by 175 feet, and 140 feet in height from 
the ground floor to the peak of the boiler house roof. The office 
building adjoining on the east is 81 feet by 25 feet, and has three 
floors, the lower of which forms the machine shops. The main 
building has a self-supporting steel frame, weighing about 6,000 
tons. There are four chimneys, each 19 feet internal diameter 
and 275 feet high; the foundations for these chimneys are 42 feet 
square and 84 feet 6 inches below the ground-floor level. There 
are 2,200 cubic yards of concrete in each foundation. 


The electrical capacity of the building at normal load is 60,000 
k.w. On this basis the cubic feet per k.w. (including office 
building) is 182, and the square feet per k.w. is 1.29. 


Boilers.— The south side of the building contains 64 water-tube 
boilers, arranged two stories high and carried directly on the steel 
frame of the building. Floor space is available for 16 additional 
boilers. Each boiler has 5,212 square feet of heating surface 
and 672 square feet of superheating surface. Тһе boilers аге 
piped in groups of eight, each group supplying the steam for one 
electric generating set and one feed pump, there is also a steam 
connection between the several groups. A supplemental header 
supplies the exciter engines, air compressors, house pump, etc 
The chain grate stokers under each boiler have 88 square feet of 
surface. 
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Economisers, with tubes 10 feet long and placed wider apart 
than the usual practice, are grouped behind the boilers with the 
customary bye-pass flues; 1,540 square feet of heating surface is 
provided for each boiler. 

Boiler feeders are placed on the ground floor, and supply ring 
mains on both the boiler-room floors. 


Main generating sets consist of a horizontal turbine engine 
running at 1,000 r.p.m., and a three-phase generating set wound 
for 11,000 volts 334 cycles; there are eight such sets; with floor 
space for two or more of the same size, and one of half the size. 
The normal rating of each generator is 6,000 k.w., but they will 
carry an overload of 50 per cent. for two hours at practically the 
same steam consumption per k.w.h. The present output is 144 
million units per annum. 


An oil-cooling plant, with a total capacity of about 20,000 
gallons, has been erected adjacent to the main building, and con- 
tains three coolers, each of which has approximately 686 square 
feet of cooling surface. The oil flows by gravity from the storage 
tanks in the top of the oil house through the engine bearings back 
to a second set of tanks in the basement, and from which it is 
forced by centrifugal pumps, through the coolers, to the tanks 
located in the top of the building. 


Exciter sets.— There are four 125 k.w. 125 volt steam-driven 
exciter sets running at 375 r.p.m. 


Storage batteries.— There are also two storage batteries of 5, 000 
ampere hours capacity each, and one of these is discharging on 
the exciter bus bars at all times, and is capable of maintaining 
the supply for six hours without assistance from steam driven sets. 


This battery also supplies current for operating the high tension 
Switchgear, and a part of the station lighting. 


The condensing system consists of vertical condensers, each 
with 15,000 square feet of cooling surface; these are located in 
pits between the engine foundations. The circulating water is 
supplied by 66-inch pipes laid to the edge of the channel of the 
Thames. Each condenser has a 20-inch centrifugal pump; the 
duty of the pump is simply to overcome the friction of the pipes, 
as the system is arranged on the syphonic principle, the top of 
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the condensers being within 29 feet of minimum low tide, and the 
circuit is closed. 

Auxiliaries.— These are operated by 220 volt 3 phase current 
from three banks of transformers, which take current from the 
high tension bus bars, and they can also be operated from the 
1,500 k.w. direct connected turbo-alternator. 

The switch-board is carried on three gallery floors extending 
across the north side of the engine-room with returns across the 
east end. All high-tension switches are motor operated, and the 
feeder system extending to the 24 sub-stations is in duplicate. A 
line of 64 ducts is constructed to carry these feeders to the nearest 
point on the District Railway at Earls Court. 

Fuel supply.—Coal is received on lighters in a tidal basin at 
the east end of the station, or by rail at an unloading point of the 
West London Extension Railway on the opposite side of Chelsea 
Creek. Гог unloading barge coal the basin is spanned by two 
travelling cranes each working a one ton grab; the coal is weighed 
in the tower at one end of each of these cranes and dropped on 
to a belt conveyor, thence by duplicate elevators, 140 feet high, 
to the top of the building. The distribution over the bunkers is 
by duplicate belt conveyors. 

The storage capacity of the bunkers is 15,000 tons. The daily 
consumption is about 400 tons, and six of the largest river barges 
can be placed in the basin at each tide. 


BIRMINGHAM LOCAL SECTION. 


The fifth meeting of the fifth session was held on Tuesday, 12th 
March, 1912, at the Great Western Hotel, Birmingham, the chair 
being taken at 8.15 p.m. by Mr. E. E. Jeavons, the local Chairman. 

After the minutes of the previous meeting had been read, con- 
firmed and signed, Mr. L. Turner read Mr. Bertram D. Fox's 
paper on “ КаШевв Electric Traction." Mr. С.  Arblaster 
proposed a hearty vote of thanks to the author, which was seconded 
by Mr. L. Brownhill, and carried with acclamation. Ап excellent 
discussion ensued in which the meeting thought that this method 
of running public service vehicles would be advantageous as 
feeders to a tramway system where the central power station 
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already existed. It was also thought that even then, it would 
only be advisable where a frequent and well-patronised service 
was necessary. The author seemed to entirely condemn the 
petrol-driven omnibus, and mentioned nothing about the petrol- 
electric; the latter being quite likely to become a very efficient 
feeder on more sparsely populated routes, where the cost of the 
overhead wires and inability to change the route would put the 
trolley system at a distinct disadvantage. 

With the announcement of the next meeting on Wednesday, 17th 
April, the proceedings terminated. 


—— —————— анааан рана 


FRIDAY EVENINGS. 
Foreign Service. 


Mr. Stanley M. Hills, on 6th October, 1911, gave his impressions 
of foreign service, and said, there were two main inducements to 
foreign service, viz. :— 

(a) Opportunity for advancement. 

(b) Opportunity for seeing the world. 

He went on to say that a young man would very probably be 
willing to go abroad for a comparatively small salary, in order to 
see foreign life and countries, but unless there were also oppor- 
tunities for advancement, he would probably regret his action when 
the novelty had worn off. 

The main disadvantages of foreign service were :— 

(1) Isolation from friends and home ties. 

(2) Liability of injury to health. | 

(3) If one wished to return to England great difficulty might 
be experienced in obtaining a position equal to the one 
held abroad. 

(4) In tropical countries, if married, one would probably have 
to keep one’s wife and family in England for the greater 
portion of the time, and certainly have to send the children 
home for their education. 

Mr. Hills went on to Say that there were no doubt many oppor- 
tunities abroad, and foreign service certainly provided a fine educa- 
tion, and tended to develop self-reliance. The chances of making a 
fortune hurriedly were, however, small, and were decreasing rather 
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than increasing, owing to the fact that it was in the early develop- 
ment of a country that large sums of money were quickly and easily 
lost or made. For the young engineer, he considered the U.S.A. 
offered the best prospects, if emigration, without a definite 
engagement, was in view. 

That country had grown from comparative obscurity to a place 
in the first rank of nations, in less than a century, and in con- 
sequence one found faults in administration, which was easily 
understood when the rapid rate of development of the country was 
considered. He thought, however, that there were plenty of 
trained men in the country, and it was strictly a case of the survival 
of the fittest. 

He considered there was a very fair chance for a man with plenty 
of energy, and one who was willing to start with a small job and 
work his way ahead from it. If he got a job at all, it would be at 
least at a living wage. There was a strong line of demarkation 
between the engineer and the draughtsman. The former started 
at a low wage, but had better prospects of obtaining a high 
salary than the draughtsman, who started with a considerably 
greater initial salary. 

At first, Mr. Hills explained, life in the U.S.A. seemed very 
objectionable to the Englishman, but after about six to twelve 
months, one became accustomed to it, and after three years many 
people preferred it to living in England. 

Living and clothes were more expensive than in England, but 
salaries were higher, and if it was assumed that the salary and 
living expenses were twice as great, then one could save twice as 
much as one could in England. It was in the little things that 
the greatest difference in cost was noticed; the five-cent piece 
(23d.) only corresponded to the English penny. 

Mr. Hills thought, however, the U.S.A. was by no means a 
haven of refuge for the jobless, and it was well to be prepared 
for a somewhat long interval before employment could be obtained. 
The electrical industry was, if anything, rather overstocked, and 
he thought the civil and mechanical engineering offered better 
chances. 

Australasia. —Mr. Hills then went on to say that Australia, 
Tasmania, and New Zealand afforded a range of climate, from 
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English in parts of New Zealand, to tropical in the northern 
portions of Australia. 


In those countries the labouring classes had been legislated 
for to such an extent that they were often described as the 
“Working Man's Paradise." The cost of living varied from 
part to part, but everywhere it was dearer than in England, and 
one found salaries were proportionately greater too. As far as the 
engineer emigrant was concerned, he was not greatly impressed 
with the possibilities, unless the engineer was engaged in England 
and went out under contract to an Australian firm. 


The Far East.—In Japan, China, and the Federated Malay 
States, which were generally referred to as the ‘‘ Far East,” one 
had to face the risk of injury to health, which accompanied living 
in a tropical climate. Before accepting an appointment, it was 
well to seriously consider whether the salary offered was com- 
mensurate with the risk which had to be run. It was almost 
impossible to obtain employment by going out on “ speck." Mr. 
Hills advised everybody to always make stringent enquiries about 
the climate, and said that it was not at all unusual for a vacancy 
at a comparatively healthy place to be advertised, and on the 
emigrant's arrival to be ordered to some other town or settlement. 
which was perhaps very unhealthy. 


Mr. Hills then explained that he had found by experience that 
large salaries usually meant an unhealthy climate and isolated 
situation. The best positions were under Government control, for 
which he believed competition was very keen. The demand was 
for practical men, as one generally had to not only control, but 
also to teach native labour how to do the manual work. 


There was undoubtedly a subtle fascination about Eastern life, 
and many found England very trying after they had become 
accustomed to living in Eastern style. Each country mentioned 
Was worthy of a paper to itself, and it was impossible to fully 
describe them in a short Friday evening paper. In conclusion, 
Mr. Hills gave a table showing what was considered to be a suffi- 
cient salary to cover all reasonable expenses for a bachelor living 
in that country (i.e., board and lodging, clothes, holidays, medical 
attendance and pocket-money). 
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Country. Minimum Salary. 
U.S.A. : East of Chicago  ... ... Fifteen dollars. 
West of Chicago ... ... Eighteen dollars. 
New Zealand ... E Тр . £2 5 Oto £210 0 
Australia: Western ... ss .. £210 0 
Adelaide, Melbourne and Sydney ... £2 0 Oto £2 5 0 
Brisbane and Queensland .. £210 0 
Japan: Treaty Ports, European 
style n. us 25 .. £8 5 Oto £3 15 0 
China: Treaty Ports, European 
style ET jo sa .. £3810 0 
Federated Malay States | ... .. £8 10 0 
Ceylon РР ist js ... £215 Oto £3 5 0 


‘Breakdown Experiences." 

Mr. G. L. Morty, while discoursing on ‘‘ Breakdown Experi- 
ences ”” on Friday, 23rd February, 1912, said that when journeying 
from Buenos Ayres to Liverpool on the s.s. “ Urmston Grange,” 
the bottom of the circulating pump dropped out, being eaten away 
by corrosion. 

It was repaired by cutting a hatch cover to the diameter of the 
barrel, and fixing with cement mixed with sea-water; but the repair 
only lasted a few minutes. After chipping out the cement, the 
pump was again repaired with the cover and cement mixed with 
pitch and tar to make the cement elastic; but this only lasted about 
six hours. The repair was finally done by putting plates top and 
bottom to wooden cover, with red lead between the wood and 
cast iron, bolting the lot together. This was satisfactory, and 
lasted the voyage. 

On another occasion, while on the s.s. “ Nile," the Worthing- 
ton pump valve-chest fractured in several places. This was, in 
the first place, patched up with butterfly patches, but, being found 
unsatisfactory, a wooden box was built around the whole chest 
and filled with cement. 

On the same steamship the L.P. double-ported slide valve broke. 
On examining the valve the top bar was found to be missing, 
and a big part of the body of the valve. A repair was made by 
fitting an angle iron for the top bar, and fitting a piece of plate 
from the angle iron to the body of the valve, covering the place 
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which was broken. This lasted for some time, but broke again; 
so the valve was taken out and the engine worked compound to 
Buenos Ayres. At that port some gun-metal castings were made. 
for the top, bottom and exhaust bars, also some of the bars on 
the cylinder face. They were fitted, chipped and filed flush, 
making a satisfactory job, being able to go ahead full speed. 
After the first breaking of the L.P. valve, the eccentric, or inter- 
mediate crank shaft, was examined. The eccentric was taken off, 
and it was found that the crank shaft had a bad fracture in the 
fillet next to the coupling. This shaft had to be taken out and 
anew one fitted, and a keyway cut for the intermediate and L.P. 
eccentrics. 

The crank shaft of a fan on another steamship fractured through 
crank. That was repaired by welding a ring and shrinking on 
crank, then boring and tapping a few $ in. holes, screwing іп 
Studs and riveting over. 

A main steam pipe that had fractured in the fillet close to flange 
was repaired by taking out the gland ring, which is in two halves, 
and fitting over fracture. The joint was made by red lead, the 
gland fitted over and held to flange by six long bolts, the whole 
finally being clipped over with a clip made in two halves. That 
was very satisfactory, and the boat steamed home on full pressure. 

The joint between an air pump and condenser gave out on another 
steamship. That was repaired, as there was no time to take to 
pieces and rejoint, by making patches to fit inside, covering joint, 
drilling and tapping about three dozen holes, making red lead 
joint under patches and bolting down. 

A refrigerating plant, which was frozen up by some foreign 
matter getting in circuit, was cleared by first of all taking out 
the two discharge valves on compressor, and pouring in about a 
pint of methylated spirit, boxing up, and running machine slowly to 
pump spirit through system. That was repeated a few times— 


a quart of spirit at a time—till the whole system was thoroughly 
clear. 


“Vapour Compression Refrigerating Machinery.” 

Friday, 8th March, 1912.—Mr. W. S. Douglas, speaking about 
“ Vapour Compression Refrigerating Machinery,” said, there were 
three classes—i.e., cold air, ammonia absorption, and vapour 
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compression, but that machines of the last-named type formed by 
far the greater part of the plants being put down. 

Water-vapour machines had also been used, but generally for 
hand power only. 

Cold-air machines were found useful on board ship at one time, 
owing to the absence of noxious gases, and absorption machines 
were economical where exhaust steam was available. 


With regard to vapour-compression machines, the three prin- 
cipal refrigerants used were : carbon dioxide, ammonia and sulphur 
dioxide. 

The system of vapour-compression machines was then explained 
by reference to a diagram, and, going into the differences between 
the three systems, it was found that the gauge pressures on the 
condensing side, with cooling water at 60? F., were: 40 lbs. 
sulphur dioxide, 130 lbs. ammonia, 950 lbs. carbon dioxide. Оп 
the other hand, for a given duty the displacement of ammonia 
compressors had to be fhree and a half times, and the displacement 
of sulphur-dioxide compressors nine and a half times, that of 
carbon-dioxide machines. 


Carbon dioxide, it appeared, is non-odorous, which permits the 
use of a safety-valve, and, up to lately, was almost exclusively 
used for marine work. 

Ammonia machines had a lower pressure, but use a strong- 
smelling gas, which attacks gun-metal, and prevents the use of 
that material. 

SOz machines had a still lower pressure, and no oil was required 
in the compressor cylinders. The gas, however, was strong- 
smelling, and a large compressor displacement was required. 

The direct-expansion system, as distinct from the brine system, 
was then explained, its advantages being direct application of cold 
in stores, and it was mentioned that, where water is scarce, an 
atmospheric type of condenser is used instead of submerged. 

With regard to cold storage, it appeared that there were three 
systems of cooling—by brine pipe, direct-expansion pipe, or by 
air circulation, and the nature of an ordinary ice-making tank was 
briefly explained. 

Some attention was then given to the use of the refrigerating 
machine in dairies and bacon factories, and it was finally remarked 
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that the application of this type of machine was growing wider 
every day, embracing, as it did, storage of meat, provisions, 
rubber, hops, fruit, furs, etc.; the quick chilling of lard and choco- 
late; refining oils; the manufacture of optical lenses, margarine, 
sulphuric acid, scents, etc.; refrigerating morgues; sinking shafts 
for mines; and the cooling of air for supplying the tuyeres of 
blast furnaces. 


The actual appearance of the machines was shown by a number 
of slides. 


“Crude Ой Engines.” 

On Friday, 15th March, 1912, Mr. A. H. Weston gave a short 
lecture on ‘‘ Crude Oil Engines of the Semi-Diesel Type,’’ prefacing 
his remarks with a few words relating to the kind of oil which is 
used as fuel with this type of engine. | 

He pointed out that the words ''crude oil"' in this instance 
did not only refer to the natural petroleum as drawn from the 
earth, but also to the fuel oils or heavy distillates which remain 
after the spirit and illuminating, and in some cases even the lubri- 
cating, oils have been extracted. 

Mr. Weston went on to say that some of these crude oils con- 
tained a certain proportion of lighter constituents, which were of 
considerable assistance to the oil-engine manufacturer, as, owing 
to their presence, ignition could be obtained at a lower tempera- 
ture, and that the heat which was generated by the combustion of 
these lighter oils was sufficient to ensure the gasification and subse- 
quent combustion of the heavier constituents. 

It had been found, said Mr. Weston, that far greater fuel 
economy could be obtained with those engines into which the oil 
was injected immediately before ignition was timed to take place, 
than was possible with those engines into which the oil was drawn 
during the suction stroke. 

He also went on to say that, in the latter case, sufficient time 
elapsed for decomposition to take place, thus causing the release 
of the more readily vaporisable matters and leaving a deposit of 
Carbon in the vaporiser; whereas with those engines into which 
the oil was injected immediately before ignition, no chemical 
Change had time to take place, and consequently a more complete 
Combustion was obtained. 
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. Mr. Weston said that, in order to compare the two methods 
with regard to fuel economy, he would be quite safe in saying 
that the engines which were fed with heavy oil during the suction 
stroke required about 0.7 to 0.8 Ib. of fuel per B.H.P. per hour, 
while those engines which injected the oil immediately before 
ignition only required about 0.5 lb. per B.H.P. per hour, thus 
proving not only that no loss takes place owing to condensation, 
but also that complete combustion is obtained. 

Mr. Weston then dealt with the leading features of the Diesel 
engine, the design of which, he said, was necessarily massive so 
as to withstand the high-working pressures and temperatures; also 
that it comprised the addition of several parts which were not to 
be found on the ordinary oil engine, and that, in view of this fact, 
it must be regarded as being considerably more complicated. 


He said, however, that it was undoubtedly a good engine for 
large powers and also for marine work, where the first cost was 
not of so much importance as were the running costs. One of 
the chief points, however, that he wished to drive home was that 
it was not good policy on the part of a purchaser to install a 
necessarily expensive engine and one upon which there was bound 
to be a considerable amount of wear and tear, due to the extreme 
working pressures and temperatures, while practicaly the same 
fuel economy and efficiencies could be obtained with an engine 
using a lower compression pressure. 

Mr. Weston maintained that it was not necessary to go to such 
extreme pressures in order to obtain a low fuel consumption, and, 
with the object in view of proving this statement, he then proposed 
to deal in more detail with what is known as a ‘‘ Semi-Diesel ” 
engine. 

The engine taken as an example was of the '' Petter " vertical 
Semi-Diesel type, as shown by the accompanying illustration. 
With the aid of a sectional drawing and some photographs, which 
were distributed among the members present, Mr. Weston went 
on to fully describe the working principle of this engine, the 
design of which, he stated, was the outcome of extensive experi- 
ments covering several years, the object being to produce an engine 
embodying the features suggested by recent scientific research, 
and combining in one design the undoubted merits of the high- 
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compression Diesel type with those of the ordinary or low-com- 
pression oil engine. 

The principle of working adopted was the '' two-cycle,” or, in 
other words, the engine received an impulse at every revolution 
instead of every two revolutions, as in the ‘‘ Оно” cycle. 

Mr. Weston explained that the reason for calling this a “ Semi- 
Diesel " engine was on account of its embodying those two features 
of the Diesel engine, which had the effect of bringing about the 
low fuel consumption for which that engine was noted—viz., a 
relatively high compression (150 15$. per square inch), and the 
injection of the fuel at the extreme end of the compression stroke. 

He then went on to say that, in order to start the engine, the 
vaporiser had first to be heated by means of a blow-lamp, after 
Which the charge of fuel had to be admitted to the cylinder by 
means of a couple of strokes by hand of a plunger-pump. This 
being done, it now only remained for the starting-valve to be 
opened, which would permit sufficient air at a pressure of about 
150-200 Ibs. per square inch to enter the cylinder; the temperature 
of the air at this pressure, combined with the heat of the vaporiser, 
would then be sufficient to instantaneously ignite the first charge. 
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The air thus used for starting purposes was stored in a small 
reservoir during the working of the engine, no separate air-com- 
pressor being required as in the case of the Diesel engine. The 
total time occupied in starting this engine from cold was about 
ten minutes. 

Mr. Weston then described the cycle of operations, commencing 
with the explosion of the charge at the end of the compression 
stroke. The piston then began to move on its downward, or 
power stroke, and, as it approached the bottom dead centre, the 
following events succeeded each other—viz., a port in the cylinder 
wall became uncovered by the piston, and through this port the 
products of combustion escaped to the atmosphere. At the same 
time the downward movement of the piston compressed the air 
contained in the crank-chamber to about 8 lbs. per square inch. 
By this time another port became uncovered by the piston; this 
port being connected by a passage with the crank-chamber, allowed 
the previously compressed air to rush into the cylinder, driving 
before it all that remained of the products of combustion. The 
cylinder then being full of pure air admitted from the crank- 
chamber, the piston commenced to return upon its upward, or 
compression stroke. The pressure in the crank-chamber then 
dropped to atmospheric, and as the piston moved upwards a partial 
vacuum was formed, thus allowing a fresh supply of air to enter 
the crank-chamber through two leather flap-valves, which were 
enclosed in the inspection covers. 


At the end of the compression stroke the fuel-pump was operated 
by the governor, and a charge of fuel admitted. The resultant 
explosion driving the piston downward, the cycle of operations 
then continued, and it would be seen that there was an explosion 
at every revolution. Mr. Weston stated that the fuel consump- 
tion when using oil having a specific gravity of .980 was only a 
fraction over 0.4 of a pint per B.H.P. per hour, and that it was 
also possible to change the fuel while running without making any 
adjustments, as had been proved on test, when the fuel was changed 
from oil of .930 sp. gr. to that of .867 sp. gr. 


As compared with the Diesel engine, which consumed about 
0.5 lb. per B.H.P. per hour, the consumption of the “ Semi- 
Diesel " engine was guaranteed not to exceed 0.5 of a pint, and 
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nit was merely a decimal point. In giving a few other 

Es ng comparisons between the two types of engines, Mr. 

m n stated that the prime cost of а “ Semi-Diesel ” installa- 

‚ _Was actually less than half that of a Diesel installation of 

Similar power. This was not due to inferior workmanship, but 

Solely to the simplicity of design of the former type of engine, and 

consequent reduced manufacturing cost. 

The mechanical efficiency of the “ Semi-Diesel" type also 
Showed a considerable advantage over that of the Diesel, but the 
thermal efficiency was slightly less, owing to the fuel consumption 
being a little higher than that of the Diesel engine. 

Ás regards piston displacement per B.H.P. per minute, which 
was an important factor in oll-engine design, the displacement 
allowed in the design of the “ Semi-Diesel ’’ engine he had taken 
as an example, was rather more than twice the amount allowed for 
in the design of the Diesel engine. 

The meeting then concluded with an interesting discussion upon 


the merits and demerits of the engines in question. 
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"RAILLESS ELECTRIC TRACTION." 


By BERTRAM D. FOX, B.A., A.M.I.C.E. 


Read March 19th, 1912. 


The system of electrically-driven vehicles, which is known by 
the various names of '' Railless Electric Traction," '' Trackless 
Trolley ’’ and ‘‘ Trolley Bus,’’ has formed the subject of so many 
papers and articles, mainly of a descriptive character, that a few 
remarks bearing on its practical and economic aspect in relation 
to the general problem of urban transportation of the present day 
may be of some interest. 


Mechanically-operated vehicles must be classified broadly as (1) 
those which run on rails, and (2) those which make use of the 
ordinary road surface. Omitting railways (which have their own 
private right-of-way, and are, therefore, outside the scope of this 
paper), and confining out attention to vehicles which use the public 
Streets and roads, we find that electric power is almost exclusively 
utilised for the propulsion of the first class of vehicle, but is prac- 
tically never used for the other class. In other words, all but an 
insignificant proportion of mechanically-operated tramways are 
driven by electric power, whereas some other form of power, such 
as steam or petrol, has been used almost without exception for the 
propulsion of road-vehicles. 


These facts, which are matters of common knowledge, might, 
unless interpreted correctly, be regarded as prima facie evidence 
that electric power possesses some mysterious quality which makes 
it exclusively suitable for rail-vehicles, inclusively unsuitable for 
road-vehicles. With a view to arriving at the true interpretation, 
it would be convenient to turn our attention, first of all, to tramways. 


Tramway service necessarily consists of a succession of short 
runs, or stages, between comparatively frequent stopping places 
and the commencement of each stage makes upon the source of 
motive power a sudden demand for energy much in excess of the 
average power required during the remainder of the stage. For 
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coping with such abnormal demands the electric motor is un- 
rivalled, for it has the unique characteristic of producing at low 
speeds, or at rest, a torque, or draw-bar pull, far in excess of its 
torque at full speed. In this respect all other forms of motive 
power are, in comparison, at a disadvantage: for instance, a petrol 
engine develops a practically uniform torque at all speeds, and if 
operating through a gear of fixed ratio, designed for full-speed 
running of the vehicle, would be so far incapable of imparting the 
necesary acceleration that it would be unable even to start up the 
vehicle from rest. It is for this reason that every petrol-driven 
vehicle is equipped with a clutch and change-speed gears, or some 
other such device for overcoming the inherent unsuitability of the 
petrol engine for intermittent service. In this respect a steam- 
driven car has some advantage over a petrol-driven vehicle, but 
the advantage is neutralised by difficulties in connection with the 
boiler. 


The next point to be taken into consideration is that, although 
by the agency of various complex devices the petrol engine has 
been adapted to the propulsion of vehicles, yet it still remains in- 
capable of imparting the same acceleration as an electric motor, 
and is, therefore, unable to satisfy the requirements of tramway 
service to the same extent as those requirements are now satisfied 
by electric power. In fact, the designers of petrol-driven vehicles 
have been forced to adopt a compromise between acceleration and 
ability to climb hills on the one hand and excessive size and 
cost of engine on the other. It is only necessary to observe the 
performance of motor-buses at the foot of such a moderate 
gradient as Ludgate Hill to realise what a serious inroad that com- 
promise has made upon the very features which are recognised as 
being essential to satisfactory tramway service. 


Moreover, the complicated mechanical devices of which the 
designers of petrol-driven vehicles are compelled to make use are 
Subjected to a service so severe and exacting that the cost of 
maintenance and replacements becomes a formidable item of the 
working expenses. 


In an electric tramway system the whole motive power is cen- 
tralised at one point, from which each vehicle draws the energy 
which it requires from time to time for acceleration, for running 
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on the level, or for mounting gradients. Electrical engineers are, 
therefore, able to design tramway equipments to suit the service 
which the vehicle is required to perform, and not with regard to 
limitations of the motive power by which the vehicle is propelled. 


The foregoing remarks briefly summarise the well-known ad- 
vantages of electric power, and point to the conclusion that the 
universal utilisation of electric power for tramways is due to its 
Superior economy and suitability for the purpose. It is apparent, 
however, that the same economic and technical considerations 
apply with equal force to road-vehicles as to tramways, and it is, 
therefore, all the more surprising to find that a diametrically oppo 
site engineering policy has been followed in the two cases. The 
explanation of this seeming paradox is to be found in the fact that 
the electrification of road-vehicles entailed certain mechanical 
difficulties which had not been encountered in the electrification 
of tramways. 


The application to road-vehicles of the principles of electric pro- 
pulsion discloses two points of divergence from the conditions that 
have been so successfully met in the case of rail-vehicles, or tram- 
cars. In the first place, there is no rail to complete the electric 
circuit by acting as negative conductor. This fact, however, 
presents no difficulty, but merely necessitates the installation of a 
second trolley wire, a practice sometimes even adopted for tram- 
ways under such circumstances as exist, for instance, in the 
neighbourhood of Greenwich. 

The second and material point of difference is that a road-vehicle 
is not, like a tramcar, confined to a fixed path, but must be capable 
of travelling freely over any part of the roadway. For this reason 
the lateral movements of an electrically-driven road-vehicle relatively 
to the trolley wires cannot, like those of a tramcar, be restricted 
to the slight deviations which are practicable with the usual corr 
struction of tramway trolley or current collecting device. 

Some special construction of trolley was, therefore, found to be 
necessary, and a reversion was made to a type of collector, evolved 
in the early days of tramways, in which the current was conveyed 
to the car through a flexible cable, instead of through the rigid 
trolley pole, which is now universally used on tramways. Тһе 
flexible cable ensured freedom for lateral deviation but involved 
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a special form of overhead line, because the trolley wheel, which 
makes contact with the wires, instead of being supported by the 
trolley pole and pressed up against the underside of the wires, had 
to be supported by means of the wires themselves: For this 
reason it will be found that all the foreign installations of railless 
traction, which employ a flexible cable, are obliged to use an ‘‘ over- 
running ” trolley, in the form of a carriage running on top of the 
wires, which in some cases are placed side by side, and in others 
one above the other. 


Although reversion to the over-running trolley secured the 
desired flexibility in regard to lateral deviation, it also introduced 
the very feature which formerly caused its abandonment on tram- 
ways—that is to say, it rendered any satisfactory form of junction 
or crossing in the overhead line commercially impracticable. But 
as junctions and crossings are essential to every comprehensive 
System of transportation, it follows that a trolley-bus using an 
overrunning trolley is restricted to detached routes only. For the 
fime reason the overrunning trolley did not admit of electric pro- 
filsion of road vehicles in connection with, and as feeders to, 
famway systems, and thus debarred them from what is—as will 
be noted further on—one of the principal fields now open for this 
system of electric traction. 


It became apparent, therefore, that the electrification of road- 
vehicles must be accomplished not by means of a type of trolley 
requiring special overhead-line equipment, but by adhering to the 
existing tramway type of overhead line and altering the tramway 
type of trolley in such a manner as to adapt it to the new con- 
ditions. This object has been accomplished by incorporating in the 
ordinary tramway trolley a compensating device which neutralises 
the tendency of the trolley wheel to be dragged off the wires by 
lateral movements of the vehicle. Hitherto it has been impossible 
for an electrically-propelled road-vehicle, using a rigid pole, to 
deviate with safety more than a few feet from the centre line of 
the trolley wires, but by the agency of the compensated trolley 
itis now enabled to travel at any speed on any part of the road- 
Way with the same freedom as any other road-vehicle. Moreover, 
the entire overhead-line equipment conforms to standard tramway 
Practice and can include as complex a system of junctions, cross- 
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ings and facilities for inter-running between rail- and road-vehicles 
as the circumstances of any particular case may require. 


The removal of the former constructional difficulties in connec- 
tion with the trolley introduces into the field of road-vehicles the 
same economic and technical considerations which, in the province 
of rail-vehicles, have been responsible for the domination of electric 
propulsion over all other forms of motive power. From the same 
cause will follow the same twofold result—the ultimate superses- 
sion of all other motive powers by electric power, and а vas 
increase in the number of mechanically-propelled vehicles. 

So much has already been written regarding the position which 
the trolley bus may be expected to establish for itself in this 
country that a few remarks of a general character will be sufficient 
on the present occasion. The broad question, '' What are the 
conditions which determine a choice between a road-vehicle and a 
rail-vehicle? ’’ has been answered indirectly already by the almost 
total cessation. of tramway construction and the continuous 
increase in the number of motor buses. The answer is, in fact, 
that all those routes where tramway construction is warranted, 
and a good many also where it is not warranted, have already been 
equipped with tramways, and that future extensions of existing 
travelling facilities must be provided by road-vehicles. 

The next question that arises is: ‘‘ To what extent are addi- 
tional facilities for travel needed? '' It is due to the limitations 
of the present types of road-vehicles that hitherto only a partial 
and tentative response has been made to the existing requirements, 
and has thereby tended to obscure their extent and importance. 
There is a tendency in some quarters to regard the motor bus as 
a perfect machine, and to measure the needs of the travelling 
public by the capacity of the motor bus to cope with them. Any 
such conclusion is, however, entirely erroneous. The motor bus, in 
reality, represents an ingenious adaptation of the petrol-engine to 
a service for which it is inherently unsuitable, but, as no adaptation 
and no ingenuity can ever place the petrol engine on the same 
footing as the electric motor for either rail- or railless-vehicles, 
the financial results of a motor-bus service cannot be accepted 25 
a criterion of the commercial value of any route. 

The scope for Railless Electric Traction can be much more ac 
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curately gauged by a survey of the tramway situation of the present 
day. There is scarcely a tramway in the country which does not 
need extending in order to bring the less populated districts into 
closer touch with the urban centres. Moreover, the majority of 
tramway systems, particularly those in large towns, are composed 
of a number of lines radiating from the centre of the town and 
terminating at, or beyond, the outskirts. The greater the length 
of these radial lines the more they diverge from each other, so 
that, if any large tramway system be examined, it will be found 
that passengers who desire to move from a point on one radial 
line to a point on another radial line are compelled to travel first 
inwards towards the centre of the town, and then outwards away 
from it, and it is not surprising if, in these circumstances, they 
prefer to walk rather than perform a long circuitous journey in 
tramcars. 

So long as these conditions exist, it cannot be maintained that 
the existing tramways provide travelling facilities adequate to the 
requirements of the public in the districts which they serve. It 
must not, however, be concluded that tramway managers are not 
alive to the inadequacy of existing tramway routes. On the con- 
trary, they recognise that additional routes, either linking the 
suburban districts or extending radially to the remoter outskirts, 
would not only earn revenue in themselves, but would also bring 
increased revenue to the routes already in existence. 


The tramway manager’s inability to provide the facilities which 
he knows to be needed is due entirely to the heavy first cost of 
tramways, which can be made remunerative only on the more 
populous routes. In fact, he realises that the extensions which 
he desires to make are outside the economic scope of tramways 
and can only be accomplished through the agency of the road- 
vehicle. 

Tramway managers have, however, been faced with the difficulty 
of finding a road-vehicle suitable for their requirements. In a 
humber of cases attempts have been made to provide the requisite 
travelling facilities by a service of motor-buses, with the result 
that the routes traversed were, as a rule, found to be capable of 
Producing a substantial revenue, which the working expenses con- 
verted into a deficit. It is only under exceptional circumstances, 
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No. %; 
JUNCTION AND CROSSING IN OVERHEAD LINE FOR TROLLEY Bus 
AND TRAMWAY АТ LEEDS—'' R. E. T." SYSTEM. 


such for instance as exist in the streets of London, where a dense 
population ensures an abnormal revenue and esthetic considera- 
tions exclude overhead wires and thus ensure a monopoly to the 
noisy malodorous motor-bus, that this type of vehicle is able to 
make a profitable living. | 

In fact, the traffic problem of the present day in the outlying 
and comparatively sparsely populated districts—the districts which 
may generically be termed suburban areas—is closely analogous to 
the problem which presented itself 16 years ago in the more densely 
populated, or urban, areas. Until the year 1896, the tramways of 
Great Britain wereall, with one or two exceptions, worked by horse, 
cable or steam power, and in that year they carried an aggregate of 
759 million passengers. In the year 1910, practically all the tram- 
ways were operated electrically, and carried no fewer than 2,74? 
million passengers,an increase of 250 per cent.over the figures of 1896. 
To draw an accurate parallel between the two results, allowance 
should be made for omnibuses and other methods of transport, 4 
well as for increase of population, but, apart from any such fine 
distinctions, there is ample evidence of the stupendous increase 
of travel created by the introduction of electric propulsion of tram- 
cars combined with centralised production of electrical energy: 
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№. 8. Умсте-ркск TROLLEY Bus—'' В.Е.Т.” SYSTEM. 
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Similarly in the suburban areas the road-vehicle, propelled by 
steam or petrol, can solve in a partial and unsatisfactory manner 
only the traffic problem of the present day. The same factors— 
electric propulsion and centralised production of energy— which 
alone enabled the rail-vehicle to cope with the requirements of 
the urban areas, are destined also to qualify the road-vehicle for 
the great part which it is being called upon to play in the remoter 
suburbs. 


Now that the current collector, or trolley, has been adapted to 
its purpose, it becomes a matter, not of conjecture, but of cer- 
tainty, that the next few years will witness a vast increase in the 
number of mechanically-driven road-vehicles, of which an over- 
whelming proportion will be electrically operated. It is only on 
quite unfrequented routes, or on such streets as those of central 
petrol preserve,’’ or for 
traffic that follows no regular route, that the motor-'bus will be 
able to hold its own as a means of passenger transportation. 
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London, which are maintained as a 


The intention of this paper is to present the general aspect of 
Railless Electric Traction in relation to other mechanically- 
propelled vehicles, with some reference to the constructional 
problems which have called for solution, and space permits 
of only brief reference to the results that have been attained in 
commercial service. 

The first installations in this country were made simultaneously 
at Leeds and Bradford, and the vehicles have been in continuous 
service since June of last year, with results that have more than 
justified the sanguine expectations expressed at the inauguration. 


The cost of each installation was only about 25 per cent. of the 
outlay that would have been incurred in the construction of tram- 
ways over the same routes, and the working expenses have been 
less than the working expenses of the tramways in the same towns, 
and barely half those of motor-buses under similar conditions. 
In these features, as well as in smooth and easy running, in rapid 
yet shockless acceleration, in freedom from noise and smell, in 
simplicity of operation and perfection of control, the trolley-buses 
at Leeds and Bradford have set a standard of comfort, reliability 
and economy unattained and unattainable by any other type of 
road-vehicle. 


311 


Ву Bertram D. Fox. 


"WALSAG VIAOTI—Sng ASTION[ 404 SISSVHH 6 ‘ом 


р t a" s LA 59 РУ 


dT a 


ma m | Bins 
| | МЕС of | i 
|| == 


ч! 


a, 


4 . "РАХ С 
1 ‚ 


Д, 
ARN à) 
[= ES 


— = .-—-о 


ANN 
| и \ ғ eeit me 


Digitized by Google 


312 DISCUSSION ON THE РАРЕК. 


Discusston. 

Mr. Dunbar Kilbum said that he had followed the paper with 
interest, and considered it a decided advantage that Mr. Fox had 
dealt with his subject on lines somewhat different from those 
followed by others who had discussed this method of transporta- 
tion. It seemed to him that Mr. Fox did well to avoid extensive 
description of constructional details, since there was not so much 
in this as in the problem of employing railless traction generally, 
which, as set forth in the paper, gave food for much thought. It 
was possibly rather early days to ask for much in the way of 
data as to the cost of working, but he would have liked to have 
heard how the running cost per mile had so far worked out in 
practice. 

Mr. W. A. Tookey said that he was much impressed by the 
very definite, and almost dogmatic claims made by the author of 
the paper, and especially his assertion that electrical power would 
ultimately supersede all other forms of motive power in connec- 
tion with vehicles for passenger traffic. 


Such statements as these invited criticism. Mr. Tookey thought 
that it would be many a long day before the petrol motor-bus 
was superseded. There would always be scope for a form of 
public vehicle that was able to dodge the other traffic, either in 
meeting or overtaking, making use of the whole of the roadway 
as occasion required, and this could be done better by a vehicle 
driven by a separate engine, than by one which had to be attached, 
by pole or cable, to a system of wires, either at the side, or in the 
centre of the main roads and streets. 


In his view, the trolley poles or cables would always be a source 
of trouble, and certainly would be a nuisance to other vehicles 
using the road. The illustrations in Mr. Fox's paper showed how 
nicely all kinds of obstacles could be missed by the trolley poles, 
but they did not indicate what would happen in moments of emer- 
gency, such as at night-time, when the roads in towns are used 
by market wagons with sleepy drivers. One may imagine that 
such a wagon might suddenly loom out of the darkness when 
discovered by the lights of the railless electric vehicle. One could 
also imagine that while it would be possible for the two vehicles 
thus suddenly confronted to miss, the trolley pole would be very 
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likely to awaken the driver of the wagon by roughly unsettling 
him from his exalted position as it swung to one side in response 
to the operation of the steering wheel of the electric vehicle. 

There was also another disadvantage which was always present 
when a series of vehicles were supplied with their motive power 
from a central station. Although infrequent, yet it must be ad- 
mitted that, from some accident or other, the whole of the vehicles 
fed by one system of mains might be held up, unable to move, 
and this was thought much more likely to be the case when a 
system made use of a return wire. 

Mr. Tookey also suggested that the capital outlay with any 
system of railless electric traction would be much more than that 
with a petrol motor-bus scheme. The latter could be put into 
service from one "bus, and the numbers gradually increased as 
the traffic of the district required. In the case of the railless electric 
system, however, allowance would have to be made in planning 
the central station for the possible number of cars which might 
have to run to serve the needs of a district hitherto without any 
public service, and, therefore, with a problematic yield. There 
would also be a difficulty in proportioning the machinery of the 
central station to deal economically with normal loads, but also to 
be capable of meeting occasional heavy demands when a maximum 
number of fully loaded cars might be required. 

He thought that the difficulties of a central station engineer 
would be increased by any such scheme, and while he admitted 
that, as between electrically driven vehicles collecting their current 
from overhead wires, the railless vehicles had many advantages 
over those running on rails along one portion of the roadway, 
he did not think that the system could be applied, except to a very 
limited extent, as petrol motor-buses had so many superior claims. 

Reference had been made to Leeds and Bradford having installed 
systems of railless electric traction, but he would ask the author 
whether it was not a fact that in both these cities the overhead 
equipment and central station were already in existence. Naturally, 
under such special circumstances, a good showing could be made 
for electrically driven vehicles over the independently engined petrol 
motor-buses, on account of the capital outlay already having been 
partially provided for. 
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Mr. T. C. Elder said he found himself so much in agreement 
with the clear and logical general case presented by Mr. Fox that 
he would have preferred to hear what could be said on the other 
side more fully before taking part in the discussion. He thought 
that Mr. Fox was rather sweeping in his judgment when he de- 
clared that over-running systems of trackless trolley could not 
be constructed with crossings. He had himself seen such cross- 
ings on the Continent, and there was no particular difficulty in 
connection with them, even when junctions with tramways were 
necessary. 

There were two main fields for development of trackless trolley, 
and he did not regard that concerned with the extension of tram- 
ways as being the more important. There were very many small 
towns in England of 20, 30 or even 40,000 inhabitants, and with 
absolutely no means whatever of public transit in the streets. 

He had himself had the misfortune to live in a town of this 
kind in which there was no means of reaching the railway station, 
about, on an average, one mile distant from the residential quarters, 
except by telephoning for a cab or by walking, and he had often 
noticed the continuous procession of passengers to the railway 
station, many of them struggling with luggage too heavy for them 
to carry comfortably. 

For such a town, a trolley omnibus service would be a godsend, 
and even if it cost 14. or 2d. on the rates, the inhabitants would 
certainly be most grateful. 

The two main points in favour of the trolley omnibus were, 
firstly, that the employment of an electric motor in place of a petrol 
engine equipment implied less trouble in attendance, simpler con- 
trol, and lower maintenance cost; secondly, that the power required 
was taken from a large central station instead of from a small 
generating plant carried on wheels. 

There was some analogy in this respect with the modern system 
of buying commodities from big stores instead of from little shops. 

The central station could have all the benefit of the most efficient 
plant, with ample spares, under the supervision of expert en- 
gineers, and no small engine worked by a chauffeur as only one 
department of his duties could ever get level in regard to cost of 
running and freedom from breakdown. 
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He did not maintain that there would be no field for a self- 
propelled omnibus, but he thought that, in future, apart from the 
London area, where circumstances are altogether exceptional, the 
petrol omnibus would be confined to irregular routes for tourist 
and other purposes, leaving the trolley omnibus to deal with 
regular passenger traffic, which, on the results so far recorded, 
it could carry on at about half the expense, as compared with a 
self-propelled vehicle. 

Mr. H. O. Burge thought it was important to know the tractive 
effort required in lbs. per ton for the trackless trolley car, as 
compared with the rail car, as he thought this must have con- 
siderable effect on the comparative current consumption, and 
consequently the running costs in the two cases. Не also thought 
it would be of interest to learn from the author, for what speeds 
the trackless cars were designed when running on the level, and 
when on a gradient such as Ludgate Hill, given by the author as 
1 in 28. 

Mr. A. W. Marshall said that the weak point in all systems 
diven from a central power station was, as observed by Mr. 
Tookey, that a breakdown of the power station or a portion of 
the line affected all or a number of the vehicles; failure of a single 
unit also had the effect of blocking the part of the line, in the 
case of cars running on rails, on which the failure occurred. With 
independent units these troubles were obviated, and it was also 
possible to divert the service round a by-course if the main road 
was under repair; this could not be readily done with a central 
driven system. Не considered that the system of railless cars 
was likely to be very useful in many cases, and it certainly had 
the desirable merit of doing away with the rail track, which was 
not only costly, but a danger and nuisance to all other vehicles 
using the road. Не did not, however, consider that the system 
advocated would entirely supersede independently driven vehicles, 
as the author contended. The author seemed to overlook the 
improvements which were sure to be made in cars driven by 
Petrol or other motive power (the petrol electric drive, for example). 
Roads would also be improved to suit such traffic. In his, the 
Speaker's opinion, the ultimate issue was with the independently 
driven unit. The railless system would, he considered, be of great 
utility, temporarily. 
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Mr. Lydall said that it had been suggested that railless cars 
would provide a poor load factor for the central station, but as a 
matter of fact, this would not be the case. The average power 
taken by a tramcar was much less than the maximum power taken 
during acceleration, or when mounting gradients, but the power 
taken by a railless car was much more uniform. This was due to 
the higher tractive resistance of a railless car, in consequence of 
which the proportion of power utilised in overcoming tractive 
resistance bore a much higher ratio to the proportion of power 
utilised in overcoming gravity than was the case with tramcars. 

Mr. E. M. Munro said that at the opening of the discussion 
Mr. Dunbar Kilburn had suggested that some account of the 
details of the current collecting device might be of interest. In 
reply to this it was stated that, as the paper was intended to deal 
with the practical and economic aspect of the subject of railless 
traction, it would be perhaps sufficient to say that the collecting 
device referred to utilised the ordinary tramway trolley head and 
provided for the sudden deviations of 15 to 16 feet, which the 
car was liable to be called upon to make, by a system of springs 
So operating upon the trolley heads as to reduce the side pressure 
upon trolley wire, due to such deviations, to a negligible quantity. 

Another speaker had asked for information as to improvements 
which had been made. | 

The first attempt at railless traction was made in France about 
12 years ago, where experiments were carried out with a tramcar, 
the flanged wheels of which had been removed, and a set of flat- 
tyred road wheels substituted. The results obtained were not 
encouraging, the resistance to traction being high. 

The improvements since made have reduced this resistance very 
much. The indebtedness of the railless to its forerunner, the 
petrol bus, must be here acknowledged. 

The essential points of chassis design have been improved, and 
the efficiencies of transmission gear so raised that it is possible 
now to obtain some very astonishing comparisons (when driving 
with electric motors) with the formerly accepted figures given for 
resistance to traction on roads. This figure had been asked for 
by another speaker, and it might be stated that it varied very much 


according to the surface of the road, but 50 to 55 Ibs. per ton 
was an average figure. 
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With improvements referred to, and the comparatively low 
tractive effort required, it only remained to find a suitable current 
collecting device to make railless traction a commercial entity. 


Mr. Gilbert J. Hartley, called on by the Chairman, said that 
he had no experience of railless traction. In South America, due 
to the fact that, in the various cities, the modern planning lent 
itself to progressive working, coupled with the quick growth of 
cities, the ordinary overhead trolley system was able to be run 
profitably without the necessity for railless feeder routes. 


Author's Reply to Discussion. 

Mr. Bertram Fox, in replying to the discussion, said that the 
claim made in the paper for electric propulsion of road-vehicles 
had been described as dogmatic and as inviting criticism. He 
welcomed the fullest .possible criticism, but did not admit that 
the claims made were dogmatic, as his purpose had been to point 
out that electricity had already superseded all other motive powers 
on tramways, and that, as the same conditions existed in connec- 
tion with rail-vehicles, the same result might reasonably be 
expected. 

The suggestion that an independent vehicle could better accom- 
modate itself to other traffic was negatived by the experience at 
Leeds and Bradford, where the railless cars were proved to have 
the same flexibility as motor-buses. The drivers of these cars 
never concerned themselves with the position of the car on the 
roadway, as they know by experience that it was impossible to 
unship the trolley wheels. 

There was no more reason to expect a collision in the dark 
between a railless car and other vehicles than between any other 
types of vehicle. All passenger vehicles carry headlights, and a 
railless car was as well, or better, equipped in this respect than 
a petrol car. 

The trolley pole could not strike the driver of a wagon, as 
it was too far above his head. 

As for the alleged unreliability of a central power supply, the 
fallacy of this argument was disproved by tramway experience. 
Even if a temporary interruption occurred, it was always localised 
to one section, and no appreciable interference with tramway 
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service was ever experienced due to failure of the electric power. 

It was a fact that central stations were already in existence at 
Leeds and Bradford, but although this naturally facilitated an in- 
stallation of railless cars, it was not the reason for their adoption. 
Petrol buses had already been tried there and found wanting, but 
the railless cars had proved so satisfactory that both cities had 
decided to largely extend their service. 

In regard to speed, the Leeds and Bradford cars were able to 
attain 20 miles per hour on the level, and would probably exceed 
12 miles per hour on Ludgate Hill. One of the advantages of a 
railless car was that it could be designed for any desired speed, 
due to the fact that the power was derived from the central station. 

Replying to Mr. Marshall, he pointed out that the advantage 
of being able to leave the main route and travel down a side street 
was less real than imaginary. No system of passenger transport 
which could not be relied upon to follow a definite route could 
ever expect to earn a good revenue, for passengers would never 
know whether the cars would be following one route and another. 

Several speakers had stated that electric power would never 
supersede internal combustion engines for road vehicles, but none 
of them had advanced any conclusive reasons for their opinions. 
Similar views had been expressed before electrification of tramways 
had commenced, but nevertheless the question had been decided 
conclusively in favour of electricity. 
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FROM THE 
May, 1912. 
STARTING PLATFORM. 
INFORMAL The senior and representative institutions, to 


MEETINGS. which all engineers are proud to belong, are housed 
in palatial buildings, give employment to large staffs, and have a 
high literary output. They aim for status, but do not sufficiently 
facilitate and encourage friendly intercourse among their members. 
Generally speaking, they are closed early, and are not available 
to them after office hours. A few years hence, I venture 
to think that the great body of members will see that their palaces 
are no longer treated as museums and other Government build- 
ings, but will spend some of their leisure in them, in friendly 
meeting and talking shop, as well as in making use of their read- 
ing rooms and libraries. Many members of long standing can 
testify that their individual. membership of any one of these 
institutions has not greatly increased their circle of friends, 
although they have attended many meetings. 

What is wanted besides status, bookshelves overburdened with 
proceedings, and a state view of the Council composed of men 
who are honoured by the profession, is facilities for more social 
intercourse between us all, under informal conditions. 

Engineers are human, and after a strenuous time at the office or 
elsewhere, it is not to be expected that a man at the end of the 
day will choose to continue without relaxation from the mental 
Strain involved in close attention to a subject which may bore 
rather than please him. At times we are inclined to take the 
intellectual part of our profession too solidly as well as too 
frigidly, and the writer would suggest that after the reading of a 
paper, the ordinary discussion should be curtailed for informal 
discussion some other evening. This is needed, as one has only 
to contrast the buzz of conversation which usually takes place 
in the crowded coffee room at the close of meetings with that of 
the waning interest in the later speeches in the lecture theatre. 

The informal meetings each week during the winter session, 
as arranged by the ‘‘ Juniors’ °’ Committee of Reception, are very 
popular with the members, and give good value for time. On 
these evenings problems are solved, and much practical know- 
ledge is acquired under enjoyable conditions, and friendships are 
formed. 
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The announcement of the subject in advance attracts the attend- 
ance of those specially interested, while first-hand  irforma- 
tion is often imparted. The nervous speaker finds his voice and 
takes a useful part in the discussion. 

The writing of a Paper entails so much time in its preparation, 
that the vast majority do not attempt it, and this virtual loss to 
the Institution is turned to profitable account by members readily 
relating some of their experiences in this informal way. 

Now why cannot the senior institutions arrange informal meet- 


ings also? Their social reform will probably be started from ' 


the junior end of the membership. 


The student member has much the best time of all for oppor- 
tunities of social intercourse, and who, on attaining the age 
limit, realises for the first time that many of his comfortable 
ways are over. 


It is at this point where the writer thinks the associate 
members have a grand opportunity for initiating a reform which 
many of the seniors would gladly welcome, as it is as much a 
senior’s requirement as a junior’s. 

The fact that important and lucrative positions are occasionally 
in the nomination of the several Councils, suggests that more 
personal knowledge of the members by their Councillors should 
ensure a wider distribution of whatever is going. 

Also, the attendance of the Colonial and Foreign members 
when in town at some of these informal meetings, might lead 
to future business without impairing the status of the profession. 

To the writer’s mind the absence of these social opportunities 
is a contributing cause to the formation of so many engineering 
societies, all of which might be contained within the senior 
institutions. 


Percy L. YOUNG. 


OBSERVATIONS 
IN GENERAL. 


The sympathy of the Institution goes out to the victims of the 
disaster to ihe '' Titanic," and in particular to the relatives and 
friends of her engineer officers and staff. They did their duty 
like the brave men that they were. АП honour to their memory. 
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Some of us, present in Belfast when the two great sister ships 
"Olympic and ‘‘ Titanic" were completing, feel acutely the 
contrast between the pride of these two noble vessels and the 
sad end which has come to one of them, accompanied as it is by 
the loss of members of the Belfast technical staff. To our good 
host, Lord Pirrie, to Mr. Cuming, Mr. Kempster, and our other 
friends at Harland and Wolff's, we offer our sincere condolence. 

* + * * * ж 

Friday evening, 29th March, the Juniors’ Smoking Concert 
took place ; encore. Encore the concert, the artistes, the chair- 
man; we might well even encore the entire programme, it was 
so good and so enjoyable. First the Chairman, the fulcrum upon 
which the whole affair turned. We owe you one more debt of 
gratitude, Vice-President Tennant, for the graceful way in which 
you conducted the proceedings ; encore. 

ж * ж ж ж ж 

Next the artistes, professional and amateur, the lever moving 
the load, the audience, to real Juniors’ enthusiasm. Excellent 
humour, sentiment and jollity. A kindly and appreciative gather- 
ing bent on enjoying themselves, ‘‘ that’s your sort." 

* * * * * * 

It was well the Chairman warned us that we should not 
know Junior Stratford C. Saunders in his '' make-up," '' My 
Husband left me again." It was really funny ; we didn't know 
him, but we recognised the real Juniors' versatility and resource 
which can design a bridge or a battleship, or do a comic turn, 
con amore, as occasion offers. Many thanks the Juniors who 
contributed to the programme. 

* * * * * * 

Our acknowledgments are due to Junior Richard Cooper, 
A.R.C.O., who accompanied at the piano as well as rendering 
one of his pleasing solos. We are glad to have you amongst us 
friend Cooper ; encore. 

* * + + * “ 

Also the members of the Reception Committee, who organised 
the concert, and friend Percy L. Young, their Chairman. We 
all thank you for your efforts, and congratulate you on a success- 
ful evening. Let us have it all again, and, as the song says, 
“Оһ, let it be soon." Except perhaps the room, that surely will 
be too small for the inevitable encore. 
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Chorus, ‘‘ Oh, Solomon Levi, tralalalalala," by Junior W. T. 
Bullock, fairly set us all going; the real Juniors’ enthusiasm, 
clouds of smoke, no abatement, the cup that cheers, laughter and 
jovial conversation, appreciative attention, in fact the Juniors’ 
smoker. ‘‘ That's your sort.” 

Everybody enjoyed it, artistes and audience alike. One would 
like to mention all the names of those who entertained us, but 
space forbids, and are they not printed upon the programmes, 
which doubtless will be cherished many a day as souvenirs of a 
very pleasant evening. 


PERSONAL NOTES 
OF MEMBERS. 


Ковевт BAKER has now returned to China; Kowloon Canton 
Railway, British Section, Assistant-Engineer's Office, Kowloon, 
China. 

SAMUEL Cowen has just returned to Cleveland from Galesbury, а 
place 200 miles west of Chicago, where he had been working on 
a large telephone job; 1795 East 19th Street, Suite 7, Cleveland, 
Ohio. 

FRANK R. DurHam has been elected a Member of the Salcombe 
Urban District Council. 

A. M. Epmonps has been appointed Sub-Divisional Officer on the 
Eastern Bengal State Railway ; Sub-Divisional Officer No. 2, 
Eastern Bengal State Railway, Katihar, India. 

Joun E. С. FRvER has been elected an Associate Member of the 
Institution of Civil Engineers. 

К. С. Соормам has sailed for Afghanistan, on behalf of his firm, the 
Union Cold Storage Company. He expects to be away some 
time. 

CLAup Н. Нил, has been appointed Resident Engineer to the 
Canadian Northern Railway, Smoky Falls, 5:4 Sturgeon Falls, 
Ontario, Canada. 

STANLEY M. HiLLs has been elected a Member of the Students’ 
Section of the Institution of Electrical Engineers. 

E. Hunt, of Shahjuhanpur, India, hopes to be in England by June 
on three months’ leave; 15 Clyde Road, West Didsbury, near 
Manchester. 

Ernest KiNG has removed his office from Sheffield to London ; 
Messrs. Mellowes and Company, 28 Victoria Street, West- 
minster, S.W. (4569 Victoria; cjo Mellowes, London): and 
2 Gerard Road, Harrow-on-the-Hill. (552 Harrow). 

S. M. MAcDonaLD, of Dueim, Sudan, is in England: 10 The Avenue, 
Brondesbury, N.W. 
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WM. E. MACLEAN writes from Vancouver that he has recently been 
engaged on Railroad Construction, but has now been appointed 
Structural Engineer to Messrs. John Coughlan & Sons, of Van- 
соцуег; 1849 Robson Street, Vancouver, B.C., Canada. 

К. Н. Parsons sailed for Canada by the S.S. “ Tunisian” on the 
18th April. 

А. A. QuiNEY has entered the services ot Messrs. W. M. and 
A. Quiney, Wholesale Iron and Steel Merchants, Paradice 
Street, Rotherhithe. 

Н. ScHoriELD has been elected an Associate Member of the Institu- 
tion of Civil Engineers. 

Е. М. SuoRT has returned to England from India, and does not 
anticipate going back again; Wenred House, Nascot Wood 
Road, Watford, Herts. 

Н. C. M. Stevens has been appointed Chief Draughtsman in the 
Car Department of Messrs. The Adams Manufacturing Com- 
pany, Limited, Elstow Road Works, Bedford; 7 Russell Avenue, 
Bedford. 

A. Don Swan has been elected a Member of the Institution of Civil 
Engineers. 

BENJAMIN TREvETT has been elected a Member of the Institute of 
Heating and Ventilating Engineers. Mr. Trevett will be better 
remembered by the older Members from the post he held as 
Engineer of the Canford Estate for Lord Wimborne, having 
held it for 17 years. He has now entered into business on his 
own account as Motor and General Engineer at Seaton, Devon, 
and will carry with him the best wishes of the Institution. 

W. W. Weaver is now in Manchester on behalf of his firm, Messrs. 
R. Waygood and Company, being engaged first on the firm's 
stand at the recent Building Exhibition, and lately on lift 
erection work. 

ARTHUR Н. WesTON has been appointed Assistant-Engineer in the 
Marine Department of the Anglo-Saxon Petroleum Company, 
Limited, 21 Bury Street, St. Mary Axe, Е.С. (4030 City; 
Angsaxpet, London). 


CHANGES OF ADDRESS. 


ARMISTEAD, R., 90 Barlow Moor Road, Chorlton-cum-Hardy, 
Manchester. 

Вокметт, Е. C. E., 397, Mountain Street, Montreal, Canada. 

Foster, H. P., 2 Roundhay Crescent, Harehills Lane, Leeds. 

Howe, T. H., 35 The Drive, Ilford, Essex. 

Houmpureys, H., 37 Melville Road, Barnes, S.W. 

L'EsrRANGE, Е. S. Cas&LtA, 288 San José, Costa Rica, С. A. 

Mackey, J. T., ‘‘Maze Cottage," Bexley Heath, Kent. 

Маре, E., <“ Chelino," 21 Oxhey Avenue, Oxhey, Herts. 


324 


MEMBERSHIP ELECTIONS. 


Mooruouss, T. E., Railways Construction Branch, Department of 
Home Affairs, Market Street, Melbourne, Australia. 

PRoBERT, C., Great Central Railway, District Engineer's Office, 
210 Marylebone Road, London, N.W. 

St. Јонмѕтом, T. A., 21 Waltham Road, Southall; and Maintenance 
Department, Borough of St. Marylebone Electric Supply, 19 and 
20 York Place, W. (502r Paddington.) 

STURGEON, G. B., 99 Creswick Street, Walkley, Sheffield. 


MEMBERSHIP ELECTIONS. 


Members. 

BARTLETT, ALLAN; 41 Stamford Road, Longsight, Manchester ; and 
Messrs. Crossley Motors, Ltd., Gorton Lane, Gorton, Manchester. 

Вексн, ALBERT; 9 Booth Street, Handsworth, Birmingham ; and 
Smethwick Stamping Company, Bridge Street, Smethwick. 
(31 Smethwick; clo Valox, Birmingham.) 

CASTBERG, JORGEN EBBESEN ; 47 Brondesbury Road, Kilburn, N.W. 

CLARKSON-JONES, THOMAS Harison; 58 Westminster Mansions, S.W. 
(Dado, London.) 

Hiccs, ARTHUR Ernest; ‘‘ Kentmere,” Beaconsfield Road, Black- 
heath, S.E.; and c/o W. G. Perkins, Esq., 62 London Wall, E.C. 

Howitt, WiLLIAM Norman; 83 Griffin Road, Plumstead ; and The 
Western Electric Company, Ltd., North Woolwich. (390 East; 
clo Westophone, London.) 

RAYNER, ALBERT Henry; “Albany,” Hall Road, Wallington ; and 
The Egham and Staines Electricity Company, Egham. 

SAGE, LEONARD; “St. Troud,” Atbara Road, Teddington; and 
Metropolitan Water Board, Southern District, Brixton Hill, 
S.W. (2016 Brixton). 

SPRATHING, WILLIAM NETHERSALL; 74 Wickham Road, Brockley, 
S.E.; and The Morgan Crucible Company, Ltd., Battersea, 
S.W. (1670 Battersea; clo Crucible, London.) 

Associates. 

BAKER, HuBERT GEORGE; 26 Gondar Gardens, West Hampstead; 
and Finsbury Technical College, Leonard Street, Е.С. (479 
Hampstead.) 

Lincke, SyDNeY Howarp Puipps ; 10 Cambridge Mansions, Battersea 
Park, S.W. 

Munro, Hanorp NeviLLE ; 24 Meynell Crescent, South Hackney; 
and The Western Electric Company, Ltd., North Woolwich. 
(3840-9 East; clo Westophone, London.) 

WASHINGTON, JONATHAN Мові. CLuLovw ; 22 Fairlawn Mansions, New 
Cross Gate, S.E.; and South Metropolitan Gas Company, 
709 Old Kent Road, S. E. 


Transferred from Associate to Member. 


Hupson, Eric PuiLLiPPO ЕвмЕзт; 33 Exchange Street, Norwich, 
Norfolk. 
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SMOKING CONCERT. 


A Smoking Concert was held by the Institution on Friday, 
29th March, 1912, at the Criterion Restaurant, Piccadilly Circus, 
London, and was attended by 176. 


The chair was taken at 8 p.m. by Mr. William J. Tennant, 
Е.С.1.Р.А. (Vice-President), who, with the assistance of the 
members of the Reception Committee—Messrs. C. Beaven, W. H. 
Brown, S. V. Cooke, W. E. Curror, W. H. Hayward, W. T. 
Hogg, D. N. Hunt, J. B. Knowles, W. D. MacPherson, R. Mar- 
shall, F. D. Napier, J. D. Peters, H. P. Philpot, S. T. Robson, 
E. E. Squirrell, T. J. Taplin, C. H. Woodfield and Mr. Percy L. 
Young (Chairman of Committee)— presided over an enjoyable 
evening. 

Under the direction of Mr. Richard Cooper, A.R.C.O., the 
musical programme was contributed to by Messrs. G. W. Amor, 
George T. Bullock, Guiseppe Ceci, T. Campbell Gray, A. W. 
Marshall, R. Marshall, Norman Payne, R. L. Sarjeant, Stratford 
C. Saunders, J. T. Sharland and ‘‘ Fritonia."' 


Mr. Tennant proposed a vote of thanks to Mr. Percy L. Young 
(Chairman of the Reception Committee), and congratulated him 
and the Committee, together with Mr. George Bullock, who had 
kindly acted as Concert Director, on the success of the evening, 
to which Mr. Young replied. 


Mr. Geo. T. Bullock proposed a vote of thanks to the Chairman 
of the evening, Mr. W. J. Tennant, who briefly responded. 


THE LAYOUT AND ERECTION OF ELECTRIC POWER 
PLANT. 


The Seventh Meeting of the Thirty-first Session was held 
at the Institution of Electrical Engineers, Victoria Embankment, 
on Wednesday, 17th April, 1912, Mr. Walter T. Dunn (Chairman) 
taking the chair at 8 p.m. The attendance was 65. 


The minutes of the previous meeting were read, confirmed and 
signed. 
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The following new membership elections were announced :— 
Members. 


Allan Bartlett ... vs 88% sue Manchester. 
Albert Beech ... T jus қ Birmingham. 
Ernest Broad . ie T Wandsworth. 
Richard Kingsley Butler ... oe Acton. 
Jorgen Ebbesen Castberg ... dvi Kilburn. 


Thomas Harrison Clarkson-Jones ... Westminster 
Arthur Ernest Higgs к e Blackheath. 
William Norman Ном... 54% Plumstead. 


Albert Henry Rayner... ji eas Wallington. 
Frederick Henry Rolt МЕ se Wimbledon. 
Leonard Sage ... $us ENS ... Brixton Hill. 
William James Smith еі 4% Clapham. 
William Nethersall Sprathing — ... Brockley. 


Associates. 


Hubert George Baker ia sa West Hampstead. 
Harold Ernest Field... 54% ae Aylesbury. 
Sydney Howard Phipps Lincke ... Battersea Park. 
Arthur Frederick Lobb $5 55% West Kensington 
Harold Neville Munro T Mus South Hackney. 
Cyril Faulkner Morgan  ... Mortlake Green. 
Jonathan Noél Clulow Washington: New Cross Gate. 


Transferred from Associate to Member. 


Eric Phillippo Ernest Hudson  ... Norwich. 


A Paper on “ The Layout and Erection of Power House Plant " 
was then read by Mr. E. Kilburn Scott, A. M.Inst.C. E., M.I.E.E. 


Moved from the Chair, a hearty vote of thanks was accorded 
the author for his paper, and a discussion followed, in which 
Messrs. G. C. Allingham, E. P. Hollis, F. D. G. Napier, À. G. 
Tarrant, W. Ellerd-Styles, and E. A. Mills took part. 


The author having replied, the proceedings terminated with the 
announcement of the ensuing visit on Saturday afternoon, 200 
April, to the Engineering Workshop and Laboratory, and Electri- 
cal Laboratory of ‘‘ The Polytechnic," 307 Regent Street, W., 
and of the meeting on Friday, 18th May, when a Paper on 
‘* Notes on Telephone Equipment ’’ would be read by Mr. Alex. 
J. Gayes. 
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FRIDAY EVENINGS. 
Wharf and Crane Work Troubles. 


Mr. E. E. Squirrell, on 22nd March, 1912, speaking on the sub- 
ject of ** Wharf and Crane Work Troubles,” said he only proposed 
to consider hydraulic cranes, and mostly from the maintenance 
man's point of view. Hydraulic cranes have several advantages 
over electric cranes. Hydraulic cranes are practically noiseless, 
though with the aid of raw hide wheels and cut gears, electric 
ones are almost so. There is also по possibility of 
attendants getting shocks from earths, or shorts, or from 
wet, defective wires. Hydraulic cranes have no fuses to 
blow out, and when dragging cargo from under coamings of 
ships this is serious. They are almost fool proof, and will 
work as long as they will hold together. No delicate spare 
armatures have to be kept in careful dry storage. The liability to 
freezing up is the chief disadvantage of hydraulic cranes, and 
some care is necessary in cold weather. It can be avoided by 
draining off all pipes and cylinders, as soon as work is finished. 
Glycerine mixed with the water will also prevent freezing up; 
this is done on the Tower Bridge. The latter method, however, 
is only possible when working one’s own plant, as with street 
mains it 1s impossible, as the spent water must be turned into 
the river ; it is also a somewhat expensive plan. Pockets are 
frequently left in crane pipes, but this usually arises from cheap 
erection ; it is, however, sometimes unavoidable. Fires and gas 
jets placed in proximity to almost empty cylinders and pipes are 
apt to soften the gutta percha joints, and so cause trouble, and 
even the condensation in the gas mains may freeze and cut the 
supply off. Chain failures are sometimes a heavy item. Such 
failures are frequently due to improper or imperfect methods of 
annealing, the links not being properly heated through, or in 
course of manufacture a link may fall into a puddle on a wet day 
and become cooled out suddenly. There are but few proper 
annealing ovens about, as they prove somewhat expensive. Some- 
times the chains are overloaded, due to shocks, particularly turn- 
ing chains. Careful examination is the principal remedy. A 
Hin. defective chain sent for repairs with a defective link marked 
with wire was returned with wire still in place, and with a certifi- 
cate * duly tested." The faulty link had a circumferential crack 
їп. long. In cold weather oil thickens and fails to work its 
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way into the links, thus setting up severe wear and cutting. 
Lifting chains should be heavy enough to take up all that the 
rams leave, thus avoiding that source of overload. Valves are 
either controlling or stop valves, the latter should have either 
hard gunmetal or phosphor bronze’ spindles. Controlling valves 
are either slide, plunger or piston, the former being commonest. 
A large slide valve causes a great deal of friction owing to the 
heavy pressures, but once faced up, they will usually stand sound 
for a year. Plunger valves take much less effort on the driver’s 
part, and will reseat themselves if the lever is released. They are, 
however, much more likely to pass water after a time, and such 
articles as nails, pieces of broken spring, which occasionally get 
into the water, play havoc with them. Relative motion between 
the slewing valve itself and the lever in the driver’s box, will 
sooner or later cause trouble, owing to the lost motion due to 
the wear on, say, 12 pin joints. One simple solution is to connect 
one turning cylinder direct to the pressure supply, and put a single 
ported slide valve to control the supply to the other ram, which 
is necessarily much larger. The supply is led through the centre 
of the crane footstep as usual, but in the event of the chain of 
the large cylinder breaking, the constant pressure ram is beyond 
driver’s control, and runs right out, giving the crane a severe 
swing. Gipsy wheels and chains for turning gear are not very 
satisfactory, as the stretch of the chain causes heavy shocks, 
which soon break the chain, besides wearing the outside of the 
links very badly, and proving destructive to the edges of the 
pockets themselves. Steel chains will not stretch so much as 
wrought iron ones, but the welds are not so trustworthy. 


Much slackness and wear is caused on many cranes by the fact 
that it is not possible to get at a lot of the nuts and bolts to 
properly secure them. This could often be avoided by small 
variations in the design of parts. Standard dimensions of 
threads, etc., should be adhered to, as it is not conducive to repeat 
orders to find that when some part has failed a new one must be 
specially cut 2 inch larger than a standard article. There is con- 
siderable variation in the strength allotted to various parts by 
different makers, the base of a 60 ft. 25 cwt. jib, being sometimes 
as wide as that of a 100 feet 2-ton jib, and the cross section will 
show similar differences. 
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Railway Work in the Argentine. 


Mr. Gilbert J. Hartley, Assoc.M.Inst.C.E., on 12th April, 
1912, dealt with general phases of railway work in the Argentine. 
The portion of the Argentine now being opened up so rapidly by 
the various railway companies, is composed of great undulating 
plains ; the general formation being a rich black loamy soil, over- 
lying a calcareous clay and ‘‘tosca’’ this latter being ап 
indurated mud, which is so hard in places as to necessitate blast- 
ing. Due in a great extent to the loosening of money after the 
South African and Russo-Japanese wars, the last ten years have 
seen an enormous amount of construction work done throughout 
the country, and with the present concessions, new lines will be 
opened up for some years to come at the rate of 800 miles or 
more a year. The country is also being systematically opened up 
for stock-raising and agriculture. The class of civil engineer 
required in the Argentine at the present time is rather the hard- 
working, well-grounded engineer, with capabilities for adminis- 
tration than the brilliant technical man. The major portion of 
bridge design, etc., is done in the London offices of the consulting 
engineers, whilst the ordinary survey work does not call for 
brilliant engineers. After touching on the general disposition of 
staff in the engineering departments of the railways, and on sur- 
vey methods, Mr. Hartley went on to give a few notes on the 
ordinary construction work. New lines are built single track to 
а 5 feet б inch gauge, laid with 35 $. ог 100 Ibs. flat-bottomed 
steel rails, 40 feet long. Seventeen sleepers are laid to the joint, 
and the rails are spiked direct to the sleepers, without inter- 
position of chairs or plates, with 4# inch spikes. Formerly, 
$ inch spikes were used, but the 13 inch are now considered 
sufficient. Angle fishplates are used, and have six 2 inch or 1 inch 
bolts to the joint. Banks are made up from barrow pits at side, 
leaving a 6 feet cess at the toe of the slope, and the cuts are 
merely thrown out to spoil, leaving a similar cess at the top of 
slope. Except in fairly deep cuts, it is unusual to run earth from 
cut to fill. The cuts and banks are rarely more than 18 or 20 feet. 
The labour used is various, but the Italian from the northern 
provinces of Pidmont and Lombardy is much to be preferred. 
The northern Italian is a very different type of man from the 
" Roman, Neapolitan, or Southern Italian, and is а hardworker 
and keen business man. 
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The earthworks are let out to these men on contract. They 
form into gangs of 10 or 12 men, and work, which it is calculated 
will last about a month, is given to them. | It is usual to have 
about 40 gangs on earthworks—more if they can be properly 
controlled. То these gangs all food stuffs have to be supplied, and 
this is done at local prices, the amount being deducted from their 
certificate at the month end. Keeping a check to see that their 
food bill does not exceed their assets for work done, is an 
unexpected job that devolves on the engineer in charge. The 
earthworks are made up to formation level, levelled off, and good 
black earth put on for bottom ballast. The height between 
formation and rail levels is 0.50m., about 1 foot 9 inches or about 
10 inches under sleeper to formation. The sleepers used are 
either steel, or, more generally, the local quebracho wood. This 
quebracho is a very hard, heavy wood (Sp.G., 1.29), and each 
sleeper weighs about 270 lbs. It is surprising to see sleepers 
which have been packed in earth ballast for 40 or 50 years look 
as if they had as many years more of life. Machinery is not used 
for rail-laying, the most economical method in vogue at present 
being to unload the material from the train as near to the point- 
of-rails as possible, and trolley it forward to the point, two joints 
at a time. The formation of the material train was explained, 
and the organization of the large gang required to lay the 1,000 
to 1,200 vards expected daily. To avoid carting bricks, etc., 
ahead at considerable expense, the bridges are built after the rails 
have passed, the rail-laying gang putting in temporary trestle 
bridges to get track and materials across. Bricklayers and bridge 
erectors are kept as close up to the point-of-rails as possible, and 
the telephone and telegraph are also taken along at the same 
time. Stations, with good accommodation for staff, public, 
cattle and goods traffic are built every 12 miles ог so. The cross- 
ing loop is 900 vards long, and about 1800 yards of siding accom- 
modation is put in. All bricks for buildings are large size 
(.30m. x .15m. x .06m.), and are made locally by the con- 
tractor, he obtaining land for that purpose from a friendly land- 
owner near a station, who afterwards uses the same site, very 
possibly taking over surplus bricks and those of inferior quality, 
for the purpose of developing the township which springs up 
round each station. Sand and lime of excellent quality are 
obtained in the country, but cement is imported from England. 
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The rails, etc., are mainly of American manufacture, and not 
altogether satisfactory, but the bridge steel is all contracted for 
in England. The entrances to the stations are controlled by 
signals, with which the points are interlocked. The block system 
is in vogue generally. Good cattle corrals and loading ramps are 
built at each station. 

A few general observations were made on the subject of 
salaries, living expenses, etc., and some photographs of various 
works were shown. 


“ Registration and Engineers’ Handbooks.” 


Mr. S. Bylander, on the 19th April, 1912, introduced an interest- 
ing discussion on the subject of ‘‘ Registration and Engineers’ 
Handbooks,'' and some of his remarks were :— 


REGISTRATION OF ENGINEERS. 


While registration of engineers is not likely to be made com- 
pulsory by Act of Parliament in the near future, nor would it be 
advisable to urge that this should be done, there is no doubt that 
the tendency at the present time is to find some means of dis- 
tinguishing between the qualified and unqualified engineer. 

Engineers have found it necessary to form institutions, having 
entrance examinations for new members, in order to protect the 
profession and give better opportunity to the qualified engineer. 
The leading institutions of engineers and architects have wisely 
decided that theoretical knowledge is the first essential qualifica- 
tion for their new members. Practical experience and individual 
ability is unquestionably most important, but it must be admitted 
that, in the case of two young men of equal intelligence and engi- 
neering ability, the one who received good theoretical training, say, 
at the age of twenty-two, will have a much better chance of 
improving himself, and at the age, say, of fortly would be a better 
engineer than the man who, at the age of twenty-two, had no 
particular theoretical technical training, but only practical 
experience. 

It is true that the latter, at the age of twenty-four, may be a 
more practical engineer than the former, but in a few years the 
theoretically trained man, after he has gained practical experience, 
will be superior. 
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It is evident that membership of leading institutions is practi- 
cally a registration of engineers. 

It is most desirable, therefore, that all engineers should combine 
to improve their positions technically and socially, and it must be 
admitted that there is room for much improvement. 

When an able engineer, on account of changes in the manage- 
ment of a concern, has to find another position, and offers his 
services in the open market, the market value of his services will 
probably at once fall 50 per cent., whereas an introduction, whether 
direct or indirect, usually would assure him a higher salary. 


ENGINEERS’ REGISTER. 


It is the duty of every engineering institution to render services 
to its members, and the most important, he believed, were :— 

(a) Improvement in salary or fee according to knowledge and 
ability; better employment. 

(b) Improvement in knowledge and ability, by means of good 
advice, reliable data, a classified guide to information, etc. 

An institution can help to raise the social position of the engineer 
by obtaining for him better employment, i.e., to act as the brain- 
broker; by placing him where his services will be best paid. 

An institution should have an 
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“ ENGINEERS! REGISTER 


in which would be kept a list of members, classified as to speciality 
and experience; a list of employers, and a list of positions vacant. 
Members should register their names and indicate change 
desired. They should not wait to avail themselves of the register 
until they are in need of a new position. | 
The Engineers! Register would be a much more dignified way 
of assisting members than the old-style ** Application for Employ- 
теп.” The engineer would simply indicate that he would be 
willing to accept a new position for a given salary, filling up, say, 
three forms for filing at office :— 
1. Statements of facts, indicating education etc. 
2. Work he has done. 
9. Work he thinks he can do. 
These forms could be revised, sav, once a year, if required. 
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The Register Committee, with the information obtained from 
the forms, could send short letters to employers, stating essential 
qualifications. Each form would be referred to by number, and 
not by name, until member so desired. 

It is interesting to note that the Institution of Civil Engineers 
have formed a Committee for such a purpose as indicated above. 


ENGINEERS’ HANDBOOK. 


Improvements in technical knowledge is often a safe road to 
success, and must always be of primary importance to the 
engineer. 


It is hardly possible for an engineer to remember all (even the 
usual) formula and coefficients. He must often refer to books 
for accurate guidance. Text-books and handbooks available to 
the engineer are many, being more or less reliable. It is often, 
particularly for the young engineer, a puzzle to find the correct 
information. Each author adopts his own notation and coeffi- 
cents, and it is left to the reader to form his own opinion as to 
what formulae and coefficient to use. 

Bearing in mind that the engineer must have quick and ready 
information, to be able to use it, because he usually has no time 
t0 compare different books and statements, it would be most 
valuable to him if he could obtain one standard reliable handbook, 
suficiently complete and not too expensive. 

Such a book should contain usual mathematical tables and 
formule, also agreed methods of design, calculations and соећ- 
cients, together with references to special text-books or hand- 
books giving further details. The book could be revised every 
fifth year, апа so brought up to date. 

It should contain reliable data in a most concentrated form. 

If engineering institutions would publish such a handbook, the 
cost to each member would be very small, but the usefulness and 
saving of time would be very great. It would also tend to improve 
and standardise engineering practice. 

During the discussion it was pointed out that it would hardly 
be any advantage to the employed engineer to have compulsory 
registration, but it would apply more particularly to the consulting 
engineer, 
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As to the Engineers’ Register, it was apparent that advantage 
would be gained by all engineers—the employed, the consulting 
engineer, the commercial engineer, etc. They could all be classified 
and get useful help from the register. 

It was agreed that a handbook such as ‘‘ Hutte ’’ would be 
very useful and most valuable, and it was further suggested that 
the Engineering Standards Committee should organise the scheme, 
and publish such a book if possible. 
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SOME NOTES ON BOILER-HOUSE WORKING. 
By E. F. HETHERINGTON (Member). 


Much has been written in the technical press and the proceedings 
of our engineering societies on the design and construction of 
electric power-stations and the plant to be installed therein, but 
comparatively little has been written upon the many small, but no 
less interesting problems, which confront the engineer whose duty 
it is to operate the station, and so maintain the plant that it may 
perform the work for which it was designed, with the maximum 
possible efficiency and the greatest reliabilty for the continuity of 
supply. 

Of all the departments in a modern power-station, the boiler- 
house is undoubtedly the one in which the greatest economies may 
be effected, and the writer hopes, therefore, that the few notes 
which follow upon the working of this section of the plant may not 
be without interest to the members of the Institution. 


The condition in which the boilers in a large power-station are 
maintained may quite easily make a difference of some hundreds 
of pounds per annum in fuel costs, besides effecting by many years 
the life of the boilers. Тһе keynote in the satisfactory main- 
tenance of boilers is in the word '' system." It is not sufficient 
to wait till trouble occurs before making repairs in a boiler-house; 
but every part and detail should be systematically gone over at 
regular intervals by men who thoroughly understand the nature 
of the work they are expected to carry out. 


À boiler-house, where joints are not looked to until they blow out; 
fittings are not attended to until they give trouble or leak badly; 
and brickwork and furnace settings receive no attention till they 
commence to crack, in a very short time becomes an endless source 
of worry, and causes questions to be asked as to why working 
costs are becoming so high. The writer knows of at least one 
station where the appointment of a first-class engineer foreman in 
the boiler-house, in six months, caused a reduction in fuel costs of 
more than 10 per cent. 

The system to be adopted in the maintenance of a battery of 
 boilers depends very largely on the type of boiler, the nature of 
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the duty expected from them, the nature of the feed water and the 
kind of fuel. As, however, the majority of modern power-stations 
are equipped with water tube boilers and some form of mechanical 
stokers the writer proposes to deal more particularly with the run- 
ning of this type of steam generator. 


In stations where the feed water is hard, the writer has found 
that the best results are obtained by working each boiler to its 
full-rated capacity for about 2,000 hours, merely dropping it back 
once or twice during this run to brush any accumulation of dust 
and clinker off the exterior of the tubes and to remove the soot 
from the combustion chambers. After this run—the exact length 
of which must be governed by the nature of the feed water—the 
boiler is shut down and thoroughly cleaned inside and out. 


If the scale in the drums 15 too hard to be removed by scraping. 
it should be gently chipped off, and that deposited in the tubes 
removed by means of a mechanically-driven scraper. The turbine 
scraper is a very handy tool for the purpose. It consists of a small 
hydraulic turbine, fitting closely to the inside of the boiler tube, 
and driving a number of scrapers at such a speed that the centri- 
fugal force presses them hard against the scale. Тһе turbine is 
connected by a flexible pipe to the spare feed ring, or any available 
supply of water, at about 100 155. per square inch. Тһе scraper is 
slowly let down the tube by means of the flexible pipe; and the 
water exhausting from the turbine passes through the scrapers 
and washes the scale down the tube into the mud drum of the 
boiler. 


While this work is being done, the exteriors of the water and 
superheated tubes should be brushed down, the combustion 
chambers swept out, and any repairs necessary to the furnace 
brickwork executed. All fittings should be removed and thoroughly 
overhauled. High and low water alarms should be adjusted. 
gauge and blow-down cocks repacked, safety valves ground in and 
main stop valves examined. 


If the boiler is of the Babcock type, it is a good plan to keep a 
complete spare set of caps and dogs in the works, as these can be 
cleaned during slack periods, and are then readv to replace at once 
the dirtv ones taken off the boiler. 
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A few words on preparing and putting on these caps may not 
be out of place here. After brushing or chipping the scale off 
them, the faces must be cleaned with fine emery. A cheap and 
handy time-saving tool for this job, and one which can be easily 
made at the station, consists of an iron wheel about 9 to 10 in. 
dia., turned hollow on one face, and filled in with lead. The lead 
face thus obtained is turned true, and the wheel fitted with a 
pulley and mounted in bearings, after the style of a lathe face plate. 
It is then fixed on suitable brackets and driven at about 100 to 150 
r.p.m. by a belt from the main stoker or workshop shafting. Each 
cap to be cleaned is wetted, and its face having bcen covered with 
fine emery powder, is pressed against the revolving wheel till clean. 
The emery is then washed off, the cleaned face greased, and the 
cap is ready for storing or placing back on the boiler. By this 
simple device, the whole operation can be performed in about half 
the time required by the old method of rubbing the caps on emery 
cloth. 

The faces on the headers are cleaned by means of emery cloth 
fixed on wooden blocks, while any burred faces can be rubbed up 
by means of a circular emery stone, mounted in a brace. 

Before replacing a cap, its faces and that of the header should 
receive a final polish, and then be coated with a thin mixture of 
boiled oil and graphite, which should be applied with a brush. As 
the soundness of the joint largely depends on this mixture, and the 
evenness of its application, it is good practice to strain it through 
a piece of fine muslin before use. When drawing up the bolts, 
care should be taken that they do not go too far up into the nut, 
as it is found that after some use they are liable to stretch a little 
and do so, with the consequence that the cap cannot be drawn down 
sufficiently tightly. Тһе above points may be considered small 
details, but the careful observance of them will make all the 
difference between badly leaking and sound Joints. 

The automatic stoker gear should receive attention if time per- 
mits, but the gear being of a fairly robust nature, will generally 
run a fair time without requiring to be taken completely down. 

In boiler-house practice, everything should, as far as possible, 
be standardised and interchangeable, and this particularly applies 

to stoker driving gear. If all drives are to the same standard, 
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one complete gear box or set of parts may be stocked, so that in 
the event of a breakdown the faulty gear may be replaced without 
necessitating the laying off of the boiler for more than a few hours. 

After the cleaning is completed, and the boiler has been inspected, 
the caps and fittings are replaced. The boiler is then filled with 
water to a little above working pressure; the fittings and caps 
examined and any leaks noted. Any cap joint which shows more 
than a slight weep should be marked for remaking. Men will often 
be found trying to stop a leaky joint by pulling up the cap with 
the spanner, until excessive strain is put on the bolt. If a leak 
cannot be stopped by a small amount of tightening, the men should 
be made to remake the joint; this, besides saving the risk of strain- 
ing the bolt, makes the men more careful in making the joints on 
future occasions. 

The methods adopted for making the superheated cap joints are 
so many that the writer does not propose to discuss them here. 
Suffice it to say that they require the most careful attention, as, 
besides being very difficult to make steamtight, they are, of course, 
when working, subjected to very high temperatures. 

When all the fittings and joints are O.K., the boiler is again 
ready for steaming. 

In most stations it is necessary to keep a few boilers banked 
and standing by. In the writer's opinion, it is better to let a 
boiler run her period of standing by immediately after a clean 
rather than after it has been steaming on full load. During а 
lengthy run scale is deposited on the tubes, and if the boiler 15 
then kept standing by for some time this scale hardens, due to 
the circulation being practically nil, and it is consequently much 
more difficult to remove. 

In stations where the feed water is fairly soft, a somewhat 
different system of cleaning than the one just described may with 
advantage be adopted. By this system a boiler need not be 
thoroughly cleaned more than once or twice a year, and yet may 
be kept in a highly efficient state during the whole of its working 
period. 

Many engineers have severely criticised the method about to 
be described, largely on account of the strains which they allege 
are set up in the boilers by the somewhat higher rates of cooling 
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and heating than take place in other systems of working. What, 
however, are in the writer’s opinion one of the best maintained 
ae most efhcient battery of boilers that have come under his 
notice have been worked on this system for several years. In 
fact, in Such sound condition are these boilers that the insurance 
Company Without hesitation granted permission for them to be 
Worked at a blowing-off point several pounds in excess of the 
Pressure for which they were designed. By this system each 
boiler is taken off load and washed out every week or ten days. 
At the same time, the exteriors of the tubes are brushed down, 
the Combustion chambers cleared of soot and the fittings examined. 


The boiler to be washed out is usually the first one to be taken 
of the line after the evening load has declined, usually about 
Пп Р.т. Аз soon as the stop valve сап be closed, a feed pump is 
isolated On the boiler, and warm water is pumped into it at as 
high a rate as is possible, the blow-down cocks being opened at 
the same time to discharge the water at a slightly higher rate than 
It is being pumped in. 

By Carrying out this operation as soon as possible after a boiler 
has been st eaming at full load, the free alkalies and other impurities 
Suspended in the water are washed out of the boiler before circula- 
tion has ceased and allowed them to sediment in the drums and 
tubes, 

This washing is continued until a little time after the pressure 
has reached zero, the whole time being usually about two hours. 
The fireman then cleans out the furnaces and leaves the boiler to 
Permit of the brickwork cooling down ready for the roughing out 
by the day gang. 

These men, immediately upon their arrival in the morning, pro- 
ceed to brush down the tubes, baffles and brickwork, and to clear 
the combustion spaces and chambers of soot. While this work 
5 being done the foreman examines all the fittings, and any cracks 
developing in the furnace brickwork are filled in with fireclay or 
furnace cement. 

The whole of this work can usually be completed by two men 
by midday, and the boiler may then be lit up ready for steaming 
again on the evening load. 

Where there is plenty of spare boiler plant, more time may be 
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taken on the job; but if, as has often been the case in the writer's 
experience, every boiler is required again for the evening load, 
little time can be lost. In this connection it is interesting to note 
that this is the only system of working, by which every boiler in 
an installation can be kept in a sound and efficient state, and at 
the same time be available for steaming on every evening during 
a long winter. 

The frequent removal of the dust and soot from the tube sur- 
faces and combustion spaces of a water-tube boiler is a matter 
that is neglected in many boiler-houses. Not only does the soot 
and dust hinder the passage of the heat through the tubes, but 
it causes very considerable restriction in the draught. The mere 
blowing of the dust off the tubes with steam is not nearly so 
effectual, and the writer’s experience has proved beyond doubt that 
it pays to spend more time on the job and brush the boiler down 
as described. 

Although, as has been mentioned, the above method will main- 
tain a boiler in an efficient state for many months, it must, of 
course, be laid off for thorough cleaning and inspection at least 
once a year. This annual clean usually takes place during the 
summer months, when the loads are light and boilers can be spared. 

All caps, manhole covers and fittings are removed, and the job 
is proceeded with exactly as described earlier, except that whereas 
then the hard scale had to be removed by chipping and the turbine 
scraper, in this case it is usually soft enough to be brushed ой. 
The whole job can therefore be done in a much shorter time. 

The brush having been pushed through each tube, thev are 
flushed through with water from a hose pipe, so that all loose scale 
is washed into the mud drums. The capping up and testing of the 
boiler are then carried out exactlv as before described. 

A very essential part of a boiler, which is often overlooked during 
a general overhaul, is the main damper. Dampers, especially 
those of the butterfly type, often have a tendency to stick, and a 
damper which does not work freely may easily have a greater effect 
on the economical working of the boiler than would at first thought 
be apparent, and this especially so when working with chain-grate 
stokers. 

With this type of stoker it is very essential that the draught be 
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regulated to so suit the grate speed and fire thickness that the 
whole grate surface is nicely covered with the fire. The writer 
has on more than one occasion found that the fireman, sooner 
than exert himself to move a sticking damper or report the defect, 
has run his boiler with it fully open the whole time, and worked 
the fires to suit the maximum draught thus obtained. This, of 
course, meant that the boiler was either being overrun, with the 
consequent decrease in economy, or on light loads, when the grates 
were stopped, the fires burnt off too quicklv, and the grates being 
then only partly covered, large quantities of cold air were admitted. 

The banking of stand-by furnaces is another matter, the careful 
supervision of which may save much fuel. On hand-fired boilers 
banking is a comparatively simple matter. The fires can be 
damped down with ashes, and, as they can be shut in completelv, 
will stand for many hours without the addition of more fuel. 
Chain-grate furnaces, however, cannot be closed in so completely, 
and the question of banking, therefore, pavs for much more careful 
attention. 

Where it is desired to bank a fire so that the boiler is ready for 
steaming at any time, the whole area of the grates should be 
covered with a fairly thick fire of damped ashes and small coal 
which has riddled through the links of the grates of the boilers 
оп load. Тһе furnace door should then be lowered right down, 
the front apron closed and the air vanes under the grate closed 
also. The damper should then be opened just sufficiently to keep 
the boiler—which should not be shut off the steam line—making 
steam. A fire banked in this manner by a skilful fireman will 
easily last four or five hours, and will keep the boiler steaming 
just sufficiently to keep the superheater dry; stand-by losses will 
thus be reduced to a minimum. 

À badly and unevenly banked fire, with the front door and apron 
left open and the damper carelessly adjusted, besides consuming 
much fuel, allows such large quantities of cold air to be admitted 
that the boiler actually loses heat, and the pressure soon com- 
mences to fall back. 

That this is so has been proved in the writer's experience by 
the following experiment :—Two adjacent boilers of exactly the 
Same size and type were taken off the line at the same time. The 
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fires on one were at once banked in the desultory manner, which 
is, unfortunately, only too common among firemen. The fires in 
the other boiler were allowed to die out, and the damper, furnace 
doors and front apron were then closed up so as to exclude all 
cold air from the boiler. 

After standing for four hours the pressure in the closed-in boiler 
had dropped back but a very few pounds from working pressure, 
while that in the boiler with the badly banked fire had fallen back 
20 to 30 lbs. per sq. in., thus plainly demonstrating that more 
heat was being taken from the boiler by the cold air than was being 
generated by the fire, and that therefore the fuel used for banking 
was practically thrown away. 

The external brickwork of boilers should be carefully watched 
with a view to discovering air leakage, and this is another point 
in boiler-house maintenance which does not receive the attention 
it deserves. 

Glazed brick settings are, of course, ideal, but are too expensive 
for very general use. Iron-clad boilers are also extremely good 
both on account of the heat-insulating properties of the shell and 
the very small air leakage; but here again the extra cost might 
be considered prohibitive. Largely on the score of cheapness, 
therefore, Fletton bricks are more generally used for the external 
settings of boilers; and, as unfortunately these bricks are some- 
what liable to crack, they require careful watching. 

Many materials have been tried for stopping air leakage in 
boiler brickwork, but by far the best that the writer has come 
across is a substance known as '' Asphaltum."' It is applied to 
the brickwork in the same manner as tar, and the heat of the 
boiler in a few hours causes it to set hard like asphalte. By paint- 
ing this on a boiler while it was steaming on load with a C 02 
recorder attached, the writer has on more than one occasion 
increased the C O2 2 to 3 per cent. 

For purposes such as this a C O2 recorder is very useful, but 
for the ordinary working of boilers fitted with chain-grate stokers 
the writer does not consider that the advantages of these instru- 
ments are as great as they are claimed to be. Оп hand-fired 
boilers C O2 recorders do serve as a check on the fireman, but 
with chain-grate stokers this is not nearly so much the case. If 
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a fireman works his grates in such a manner that they are well 
covered with a good clean fire, he can do no more, and all the 
C O2 observations in the world will not improve matters. Ineff- 
cient working of chain-grate stokers can be much more quickly 
detected by a glance at the fires than by studying recorder charts. 
One of the inherent defects in chain-grate stokers is that a certain 
amount of air leakage cannot be prevented, and it is therefore 
impossible to work them with as high C O2 readings as can be 
obtained on hand-fired boilers. The writer is usually satisfied if 
a percentage of 7 or 8 is maintained in chain-grate working, and 
he has often heard firemen remark that they cannot exceed this 
and make steam as well. In this connection the writer remembers 
that in one power-station it was noticed that a certain fireman 
was obtaining extraordinarily good C O2 results, his indications 
often exceeding 12 and 13 per cent. The writer was puzzled to 
know how this was obtained, until one day he chanced to work 
a shift with the fireman in question. The method adopted was a 
simple one. Three boilers were sufficient to do the load, but a 
fourth was kept on the line, and on this boiler the C O2 recorder 
was working. A 7 in. or 8 in. fire was carried, the grate being 
kept just on the move, while the damper was cracked just suffi- 
ciently to keep the fire burning brightly. This boiler was thus 
plotting an ideal C O2 card, but was, of course, making very little 
steam. 


Manv other points in connection with boiler-house operation 
might be mentioned, but this contribution has already become too 
long. The writer trusts, however, that the few notes which have 
been made, although often dealing with matters of detail and 
apparent unimportance, may prove of interest to many '' Juniors ” 
who are not directly engaged in this branch of engineering. He 
hopes, however, that even to ‘‘ Juniors’’ experienced in steam 
generation they will not prove altogether without interest, as views 
are expressed and methods advocated which may not find favour 
with all engineers. It is, moreover, always interesting to learn 
how '' the other man ” is running his job, and an exchange of 
ideas must always be helpful to men who are all working to one 
great end—to evaporate the maximum possible amount of water 
per pound of coal consumed. 
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(Member). 


Filter-presses—as such these machines are known, although a 
better name would be pressure-filters—are largely used in various 
industrial processes for the separation of liquids from solids, 
clarifying liquors, freeing substanoes from soluble ingredients, etc., 
and the author personally has gained particular experience in this 
direction, as he has used them so largely for dealing with slimes 
produced in gold-ore treatment, to which he has made reference 
in one or two recent Friday Evening Chats, which have been 
reported in the Transactions. They are machines especially 
designed to give the largest possible filtering surface in the smallest 
possible space. 

In gold-ore treatment the filter-press is used for separating the 
valuable solutions from the waste crushed ore (generally of a slimy 
naturc); and, in order to extract from the press all the valuable 
solutions, a wash solution or wash water is afterwards passed 
through the ore in the filter-press, whereas in most industrial pro- 
cesses the material left in the press is generally what one seeks 
t» save, the solution being very frequently of no value. This dis- 
tinction between the two objects does not, however, materially 
affect the construction of the press, whether for gold-ore treat- 
ment or for other purposes, and generally the design of the machine 
for either purposes is very similar. 

As, іп the author's opinion, the “ Dehne ” press (introduced by 
Messrs. C. Harzer & Co., of London, to whom he is indebted for 
the use of the blocks) is undoubtedly the best and most largely in 
use, he onlv proposes to describe this make of press, which, as a 
matter of fact, is typical of all makes of filter-presses. 

There are several types of '' Dehne ”’ filter-presses, and a selec- 
tion of the particular type depends on the exact nature of the 
operation to be performed. The essential construction of all 
filter-presses, however, 1s the provision of a scries of chambers, 
either round or square— preferably square, as they economise both 
in filter cloth and in capacity— which in practice vary from 6 in. 
in diameter up to 60 in., and in width from 1 in. up to 3 in. or 
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4 in., each chamber being separated by a plate. As many as 
60 chambers may be used in one machine. Over the plates are 
hung cotton twill cloths or some other filtering medium, such as 
cotton duck, woollen cloth, asbestos cloth, etc., the kind of filter- 
ing medium used depending entirely on the material to be handled. 
These plates and the frames forming the chambers are supported 
on side bars, upon which they are able to slide, and the press is 
closed by some mechanical pressure applied at the end. The 
plates, although in a few cases covered with perforated plates, 
usually have a corrugated surface in the form of grooves, which 
allows a space between the bottom of the grooves and the filter 
cloth for the solution to pass away. The material is introduced 
under pressure into the chambers after the press is closed, and 
this forces the solution through the filter cloth into the grooves 
on the dividing plates, and arrangement is made so that the solu- 
tion can be drawn off the plate from behind the cloth through a 
cock attached to the bottom of each plate, and so away either to 
waste or to a storage tank, depending on whether the solution is 
valuable or not. Sometimes, instead of a cock on each plate, a 
continuous channel is provided to take the outflowing solution 
away. This is necessary where the liquor is volatile or where it 
I5 desired to force the solution to a tank situated above the press; 
but a separate tap to each plate ensures perfect control, so that 
if anything goes wrong with one chamber by the breaking of a 
ülter cloth, that particular chamber can be cut out by closing its 
cock and the work in the other chambers proceeded with. 

The material of which a filter-press is constructed depends on 
What is to be handled. Thus, sometimes the plates and frames 
are made of hard lead, where such material as a sulphuric acid has 
to be dealt with, and in other cases the filter-press is made of wood, 
gunmetal, tin, vulcanite, etc.; but more usually the material used 
lor the plates and frames is cast iron, as this is best if it is at 
all possible, especially where any considerable degree of pressure 
has to be employed, since naturally the use of cast iron makes 
à Stronger press than the other substances mentioned above; but 
the experience of filter-press manufacturers enables them to meet 
almost any exceptional conditions in this respect. 

The simplest form of filter-press is the '' Excelsior ” press, 
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which is not arranged for washing after filtering, but merely used 
for the clarification of all kinds of turbid and slimy or oily sub- 
stances. As the chambers are usually made narrow in the “ Ex- 
celsior ’’ type of press, the filtering surface is very large for a 
small amount of space required. It is usual with this press not 
to pump the material into the press, but to let it flow in by gravity. 
It is largely used where material of a particularly difficult nature 
has to be dealt with, such as slimy substances, which readily choke 
up the pores of the filter cloth, and in such cases a very low 
pressure is used, usually a height of about 10 to 20 ft. It might 
be thought that it would be better for materials which it is diff- 
cult to filter to use a high pressure; but this is quite incorrect, and 
the lack of experience in this direction is frequently the cause of 
trouble in filter-pressing a difficult substance. А little considera- 
tion will show that if one uses a high pressure in such a case, 
then one closes up hard at the commencement of the operation all 
the pores of the filter cloth, so that the filter cloth is rendered 
absolutely impermeable. If, on the other hand, one uses a low 
pressure with a difficult material, then the solid portion is de- 
posited lightly on the filter cloth, and it does not therefore jam 
the filter cloth and render it non-porous. For the same reason, 
with a difficult substance the chambers are made narrow, because 
it is only possible to deposit a certain amount of solid on the cloth 
before the filtering operation ceases. Where, however, you have 
matter which it is easy to filter, then in order to increase the output 
of the press, chambers of greater width up to 8 in. or 4 in. are 
employed, and high pressures up to even 140 Ibs. per sq. in. are 
common. With these high pressures naturally a more substan- 
tial press has to be used, and illustrations which accompany these 
notes show one or two views of the ordinary ‘‘ Dehne’’ washing 
press. This is the type of press which is used in gold-ore treat- 
ment and for a number of other purposes. 

The illustrations show a thorough washing-press with angle 
lever shutting arrangement, also a similar press with hydraulic 
closing arrangement. The author regrets that the time given him 
for the preparation of these notes has not permitted diagramatic 
blocks to be prepared, but hopes that the following explanation 
will be clear. 
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Referring to the block which shows a plate and frame laid at 
the side of the press (Fig. 1) assume the openings in the flaps are 
b and a in the bottom left-hand corner, and c and d in the top 
right-hand corner, and the efflux cock ts f. 

It will, of course, be understood that when the press is closed 
the openings in the flaps a, b, c and d form continuous channels. 
A is the wash water inlet channel, B is the pulp feed channel, C 
is the air escape channel, and D is the wash water exit channel, 
while the cock Е is for the rich solutions. Channel А is con- 
nected through a port in every alternate plate to the back of the 
grooves of the plate, that is behind the filter cloth. On the same 
plate as the port from channel A occurs, a port also connects the 
back of the grooves of the plate to the air outlet C. The alternate 
plates, that is those plates which have not the connecting ports 
to the channel A and channel C, have a connecting port to the 
channel D for the wash water exit. The pulp feed channel B has 
no ports to the plates, but has a port to each frame. The opera- 
tion is as follows :— | 

The cocks F are opened, and, to take gold-ore slimes as an 
example, the gold-ore slimes pulp is pumped into the channel B 
and passed through the port into the chamber; the rich solution 
passes through the filter cloth and flows away through the cocks 
F, any air in the chamber passing out through the outlet channel 
C. After the chamber is full of material, the feed is naturally 
stopped, and then the cocks F are closed and the wash water is 
applied to the channel A; the wash water then passes through the 
mass of the material, pushing in front of it the valuable solutions 
contained therein, and delivers it into the channel D. 

The press is usually filled by means of pumps, although some- 
times a montejus is employed instead of the pump. The montejus 
is a cylindrical steel drum standing on end and arranged so that 
the montejus can be filled with the material to be filtered, and 
then compressed air applied to force it into the filter-press. The 
advantage of a montejus is that it gives a very steady flow, but 
it is generally more expensive in operation than the pumps, although 
in filtering certain substances it is absolutely essential to use a 
montejus. With regard to pumps, to ensure successful filtering 
special attention must be paid to getting a good pump. It should 


349 


'jueureSuve1re Bunnys 19493; o[2ue pue $5эл4 jo puo peau Surmoys sse1d-1ejy[rq suyaq—z Rg 


dm * x zm =a = — Lig. ond " ' Шаанын: артриттер 


BY REGINALD KRALL. 


rM om 


М! У X «i A 


Tees’ Mr S ERS us ? 


( уф ым 
LS С = 
ИТС 


FILTER-PRESSES 


35° 


*juouroSuv11e Saisojo оцпвірАц Suimoys 55924-19311 әччәт—8 ‘814 


arm 


: 1 m | ч 13 | - т уг 
14 тт 
Е ИР mms А 


2 


J 


D» - wet M Т HLL 


| 


BY REGINALD KRALL. 351 


be, if possible, of the three-throw variety, so as to produce an 
even flow and no great fluctuations of pressure during filtering, 
and there are, further, several points about the design, such as that 
the passages should be arranged for the easy flow of the material, 
that the valves should be readily accessible, etc. Various types 
of valves are used, and the best type of valve to use depends upon 
the particular material to be operated. Ball valves are very largely 
used, particularly for gritty substances. 

One of the interesting features of the '' Dehne’’ press is the 
method of closing the press. This is what is called the angle- 
lever shutting arrangement. It will be noticed that the plates 
and frames slide on two round steel bars, and that the press is 
provided with a heavy fixed head-piece and a heavy sliding tail- 
piece. At the tail-end of the press the sliding bars are screwed 
and heavy nuts fitted to them, but the press is not finally 
closed by the tightening up of these nuts. All these nuts do is 
to hold the plates and frames, with the intervening cloths, in 
position, then the hand-wheel at the head of the press is turned, 
and this, by means of the angle-levers shown, which are hinged on 
to the head-piece, pulls the side-bars bodily forward, so that the 
tail-piece and the intervening plates and frames are pressed up 
against one another and towards the head-piece (Fig. 2). This is an 
exceptionally good arrangement for ensuring tightness. In some 
smaller presses, instead of this angle-lever shutting arrangement 
and the moving side-bars, fixed side-bars are employed; a simple 
central screw applies the pressure to the centre of the tail-piece, 
thus forcing the plates and frames against the head-piece, but, 
especially with plates and frames of large diameter, this is not 
found always sufficient to secure tightness under the pressures 
employed. One of the illustrations shows a hydraulically closed 
press (Fig. 3). This is effected by a ram of about 10 in. diameter, 
Worked at a pressure of one ton per square inch. This method of 
Closing is economical where a battery of six or more large presses 
have to be handled. 

After the frames are full of solid material the press is opened, 
the plates and frames separated, and the frames emptied, either 


by lifting out of the press or by tilting them and knocking out the 
cakes. 
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It might be mentioned that sometimes, instead of separate frames 
and plates, the plate has a projectional margin round the edge, so 
that two plates, when put together, form a chamber in between 
them. This form is especially suited for materials which form a 
sloppy rather than a solid cake, as this type can be arranged so 
that the chamber сап be drained before the machine is opened, and 
so avoid a mess upon the floor. 

When considering the action of a filter-press, it is interesting to 
note that the filter cloth does not form the main filtering medium, 
but the material itself, as it is deposited on the cloth, performs this 
function, so that at first solutions may come through slightly turbid, 
until a slight layer of the solid matter has been deposited on the 
cloth, when the solution becomes quite clear. 

Further, the material is deposited all over the area of the cloth 
in an even layer, and does not grow from the extreme corner 
towards the feed channel. Experiments have been made with 
differently-coloured materials to prove this point. These coloured 
substances have been pumped into the press in succession, viz., 
red, black and white, with the result that, when the press was 
opened, perfectly uniform layers of red, black and white, in 
sequence, were found deposited on the cloth. 

Filter-presses are usually worked in sets, so that one may be 
filling while another is being emptied, and thus keep the men in 
charge employed fully. Sometimes, for special processes, the 
plates are provided with a cooling or heating coil for cold water, 
cooling mixture, steam or hot water as the case may be. 

Since filter-presses were adopted on a large scale for gold-ore 
treatment, a new class of filtering apparatus, namely, the vacuum 
filter, has been largely used on the goldfields, in many cases with 
considerable success. The author regrets, however, that it is not 
possible to deal properly therewith in these few notes, as there are 
several different and interesting types which would require descrip- 
tion, but, if desired later, he will be pleased to give a few notes 
describing the various vacuum filters in use. 
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In view of the troublesome times this country, as a whole, has 
recently experienced, and the equally threatening outlook for the 
immediate future, no apology is necessary for introducing a sub- 
ject somewhat foreign to the usual scope of the Journal. 

As Engineers, we are all more or less closely connected with 
labour, and it behoves every one of us to do our share, small 
though it may be, to try and improve the conditions of labour in 
our own country, and so benefit the community as a whole. 

Strikes are admittedly a very great evil, and while at times 
they may be justified, unfortunately only too frequently they are 
brought about by a small section, and cause discomfort, if not 
permanent injury, to the majority of the workers. Only too 
often a few hot-headed, or sometimes, it must be admitted, un- 
scrupulous men, are able to sway their fellow-workers, so that 
before the large body of the men quite realise what they are doing, 
they have committed themselves to a policy which may be quite 
foreign to their real intentions, or their best interests. 

The railwaymen’s strike of last summer was a notable instance 
of how a very few ‘‘ loud mouthed ’’ men can influence their un- 
thinking associates. In the London districts the trouble was not 
brought about in the first instance by the acknowledged leaders 
of the men, but rather by individuals who thought they saw 
their way either to gain place and power, or to obtain some 
personal advancement from their employers. 

In the district best known to the writer, certain of the railway 
men who were loudest in denouncing their employers, and in 
advocating an immediate strike, treacherously deserted their com- 
rades and went to work on the morning of the stoppage, hoping, 
as '' faithful servants," to obtain rapid promotion. It is hardly 
necessary to add that the ''peaceful persuasion” of their deluded 
“mates ” was sufficient to make the men in question reconsider 
their position. 

Without treading on the dangerous ground of party politics, 
it is interesting to consider what can be done to prevent the recur- 
rence of such national calamities, as the transport workers’ and 
the coal miners’ strikes admittedly were. 
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From many quarters suggestions have been offered that strikes 
should be made illegal, and that all disputes between masters 
and men should be settled by Arbitration Courts. 


We are, however, able to profit by the experience gained by 
our own Colonies, notably New Zealand. In Australia also we 
can note the effects of the result of undue interference between 
capital and labour. It is not sufficiently known in this country 
that some thirteen years ago New Zealand introduced a system 
of compulsory arbitration to deal with all labour disputes. Un- 
fortunately, the almost Utopian idea has to a great extent failed, 
owing to the fact, that although the Ruling of the Court could be 
enforced against a master, it became inoperative against the men. 


It is obviously impossible to make a body of men work against 
their will, and consequently the scheme has become, ‘‘ Heads I 
win, tails you lose," as far as the workmen are concerned. 


Owing to the fiscal policy of the Colonies, it is, however, 
possible for the master to recoup himself in a way which would 
be quite impracticable in Great Britain with its system of free 
imports. We must therefore look in another direction for some 
scheme which will ameliorate the conditions of the great body of 
regular workers in this country. 


Without doubt, co-partnership in some form or other would 
do more to unite capital and labour than any number of Acts of 
Parliament, however well considered. 

The highest honour is due to the late Sir George Livesey, who 
was responsible for the introduction of the principle of co-partner- 
ship into his undertaking, The South Metropolitan Gas Co., 
some 23 years ago. From that time to the present date, the 
understanding and good feeling which exists in this Company 
between employer and employee affords an example to be 
emulated by all industrial concerns. It is unfortunately only too 
true that in these days of huge combines and limited liability 
companies, that the individual worker is almost lost sight of, and 
the old time kindly feeling and personal understanding between 
master and man is rarely met with. 

Much could be done to restore this desirable understanding 
if co-partnership could be more widely adopted by those concerns 
which employ their hands regularly. Every man participating 
in the scheme would be able to look at affairs from a point of view 
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nearer to that of his master, and consequently the possibility of 
friction must be reduced. 

АП co-partnership members would automatically become 
“ master’s теп,” and it would be to their best interest to insist 
on every other employee, who might from the nature of his 
engagement, or for other reasons, be debarred from joining the 
scheme, doing a fair day’s work. The casual worker is always a 
dificulty in schemes such as that proposed, but as casual labour 
can in this country nearly always be easily obtained, the damage 
likely to be done by a strike of these men would be of small conse- 
quence in comparison to that of the regular hands, such as rail- 
Way servants, coal miners, factory workers, etc. 

It is a well known fact that if a fair proportion of the employees 
of a concern are satisfied with their lot, and would not be likely 
to throw up positions which ensures more or less steady employ- 
ment, the possibility of trouble with the employees as a whole 
will be considerably reduced. Any scheme which will tend to 
unite master and man with a common interest can only operate 
for good, and it is difficult to see how this can be better effected 
than by one of the several systems of co-partnership. 
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“THE DEFLECTION OF REINFORCED 
CONCRETE MEMBERS," 


By PERCY J. WALDRAM, F.S.I. (Past-Chairman). 


A short time back the writer utilised a brief respite from the 
fierce excitement of hunting x and y and f max. and f min. 
through the intricacies of new theories and new methods of con- 
struction, in spending a not unprofitable afternoon looking over 
the old Clergy House at Alfriston, a typical sleepy little South 
Country village, with a church which was not young at the 
Reformation, and old farms and wooden barns covered with the 
moss and lichen of centuries ; the most unlikely spot possible for 
an engineer to pick up new ideas. Oldest of all the ancient 
buildings is the Clergy House, with its history lost in the mist 
of antiquity ; indeed, so old is it, that even a perfect Elizabethan 
cornice added to one of its rooms appears incongruously modern; 
yet to all appearance the old house stands as sturdy and strong 
to the channel gales as on the day it was completed some 700 or 
800 years ago. 

This hoary old piece of construction (which, by the way forms 
a comfortable dwelling house with smart maids and a motor) is 
not built of granite, or hard limestone, or even brick. It is simply 
a framing of stout English oak filled in with ‘‘ wattle and daub,” 
and roofed with oak and tiles. 

If the medieval builder dared to repeat such construction to-day 
he would be promptly served with a magisterial order to pull it 
down again at once, and probably have to pay a heavy fine for 
his wickedness. 

But after all, do we know everything about construction in 
these go-ahead days of steel frames and graphic statics, and 
reinforced concrete. Do we in fact know quite as much as the 
ignorant old yokels who built centuries back, without having 
ever heard of the moment of inertia, and who would not have 
been able to recognise a funicular polygon even in broad daylight. 
Our materials are better, infinitely better; our cements аге 
stronger and more reliable ; and even old Sussex iron could not 
compare with our mild steel. Our workmanship—public opinion 
to the contrary notwithstanding—is splendid, far better and 
sounder than in the majority of old buildings ; but where is the 
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draughtsman who would dare to reconstruct the roof of West- 
minster Hall to his own details? Would he not require a long 
ladder and a two-foot rule for a day or two? Where is the 
builder who would guarantee that his structure would command 
a fair rental after 100 years’ wear, let alone 800? Is it not 
that we know just a little too much? We are so delighted 
when we have found а theoretical expression of the 
Strength of a part, that we are over contemptuous of anything 
savouring of rule-of-thumb, or rather of that ingrained con- 
structive instinct which judges by the eye, by experience, and by 
strong common sense. This faculty is the most valuable 
possession of the really skilled constructional engineer, it is the 
most difficult to acquire, and yet it is often the most despised. 
Theory is so fascinating—there is such a lot of it—and it is such 
really good stuff, sharpened and polished and left ready for our 
use by the acutest intellects of our brainy profession, that there is 
an almost irresistible temptation to apply it to every problem, 
to cut our firewood with a razor, and to despise those, our fore- 
fathers, who generally used an axe. 


Especially is it necessary to bear this in mind when dealing with 
new and intricate methods of construction like reinforced con- 
crete. By the time we have conquered all the long formule 
necessary to elucidate the complicated stresses in this compound 
material, we are in distinct danger of feeling that what we do 
not know about it is not, strictly speaking, true knowledge. 
Whereas we probably know very little indeed. We cannot see 
the wood on account of the multitude of the trees. 

Reinforced concrete, for instance, is generally regarded as a 
most exceptionally strong material, and its extremely minute 
deflections under; say, 14 times the working load, are freely 
quoted, and as freely accepted, as evidence of this. We need a 
little primeval common sense to appreciate that these deflections 
are minute, simply because the working load is so very low. Ifa 
carefully designed beam of reinforced concrete be made under 
laboratory conditions, it will probably crack at the calculated 
elastic limit, and break at the calculated ultimate stress, and will 
show very small deflections ; apparently an obvious proof of per- 
fect theory and great strength. A wood beam, however, of the same 
size, under the same load, will also show deflections quite as 
small, for the very simple reason that its ordinary safe load is 
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double or treble that which would smash up the reinforced con- 
crete beam. An extreme fibre stress of 1,000 or 1,200 Ibs. per 
square inch on ordinary fir is fairly light loading; but a reinforced 
concrete beam subjected to such a stress in compression would 
be on the verge of collapse. 


Reinforced concrete as a building material has quite sufficient 
advantages to recommend it in its fireproof qualities, its freedom 
from decay, its adaptability, its saving in upkeep, and its mono 
lithic character ; that there should be no need for its advocates 
to overrate its strength, or disregard its weaknesses, whilst 
those who adopt or allow it must on no account be permitted 
to do so. With the growing use of reinforced concrete, it 
becomes increasingly important that the significance of its minute 
deflections under test loads should be rightly appreciated, and 
as an aid to their study, the writer ventures to suggest that the 
following method of pre-determining them for comparison with 
actual results. 


Standard Formula for Deflection.— The deflection A of all 
n WL 
EI 
in which n is a constant varying with the loading and flange 

stresses. 

W = the total load. 

L — the span in inches. 

E = the modulus of elasticity of the flange fibres. 

I = the moment of inertia which can be obtained from the section 


beams isexpressed by the well-known standard formula A — 


modulus Z, viz.,-l. by multiplying Z by the distance y between 


the neutral axes and the particular layer of fibres, with regard to 
which Z has been calculated, which is generally, but not 
necessarily, the extreme outer skin. 


The writer suggests that this can be done with sufficient 
accuracy for all practical purposes in the case of reinforced 
concrete beams, provided that due allowance is made for the fact 
that the standard formula for such beams, when attributing 4 
value to Z, necessarily neglects certain factors whose possible 
contribution to the total strength cannot be depended upon. 
These factors, the tensile strength of the concrete part of the 
compression area in T beams and part of the effect of end fixing, 
may, and often do, operate to enhance stiffness and reduce 
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deflection, and we must therefore expect any deflections pre- 
determined from standard formule for strength to be greater 
than the actual deflections obtained under test, especially with 
light loadings. | 

The moment of inertia of reinforced sections сап be obtained 
from the formula which determine their moment of resistance. 
Taking the case of a rectangular section with single reinforce- 
ment, and using the ordinary standard notations, the moment of 
resistance (Rc) due to the strength of the concrete (corresponding 


bd? b 
to the term Zf of ordinary beams) = y. = = or £ à zd. 
As c represents the fibre stress f, the section modulus Z would 


be E and the distance (y) of the extreme fibres from the 


neutral axis would be n. The value of I corresponding to Rc, 
bn?a 
2 


to the strength of the steel would be Rt=trbd? (1 - 3) on 


СА, а. But if it be desired to deduce the moment of inertia from 
this, it must be remembered that the formule for calculating 
‚ reinforced concrete sections commences by presuming the com- 
pound section of steel and concrete to be converted into equivalent 
section of concrete only. In such an equivalent section the area 
of reinforcement A, would be represented by an area of concrete 
equal to A, x m, or 15 А. The moment of inertia deduced 
from the strength of the section, as determined by the tensile 
reinforcement, would therefore be 

A,ax 15 x y or A,a x 15 x d (1-n,) ог Ала x 15 x (d-n). 
The moment of inertia thus deduced, is that of the equivalent 
equal section of concrete, and must therefore be only used in 
connection with the modulus of elasticity of concrete— 2,000,000 
lbs. 

It will be seen that it is obtained direct from the formule by 
which, if the draft Regulations of the London County Council 
are adopted, all beams must be calculated. The value found for 
I should be the same whichever side it is calculated from, which 
forms a useful check not only upon the calculations for I, but 
also upon the calculations generally, as any error in the previous 
calculation of n, or the lever arm, would probably be indicated by 
a marked difference in the two values found for I. 


would therefore be I = . The moment of resistance due 
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In this connection it should be noticed that if any slight error 
in the exact determination of n, will affect the accuracy of the 
calculation of the moment of inertia from the concrete side of 
the section (where it appears in three factors, n x n x lever arm) 
more powerfully than it would affect the accuracy of the calcula 
tion from the steel side, where it only appears once as the lever 
arm. 

Precisely the same method can be applied to the formula which 
determine the moment of resistance of T sections and section: 
doubly reinforced. When the terms representing the fibre stres: 
are eliminated, the formulae represents the assumed section 
modulus, and this can be converted into the moment of inertia by 
multiplying by the distance of the neutral axis from the extreme 
fibres. 

The calculated deflection of course always plots to a straight 
line, but it will be found that when this line is drawn upon the 
actual plotted results of tests, the extent to which it coincides 
with or differs from the latter, forms a valuable criterion of the 
efficiency of the design and construction of the beams. On some 
future occasion the writer hopes to illustrate a number of such 
comparisons. 
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“FURNACE DRAUGHT FOR STEAM BOILERS,” 


By J. R. WILLIAMS, Assoc.M.Inst.C.E., Assoc.M.1I.Mech.E. 
(Member.) 


When we come to consider the problems of furnace draught 
and look into the engineering text books, we find that some, at 
least, of the so-called certain factors, are in reality, very uncertain 
in their application. 

Various authorities are found to be at variance with each other 
in some respects, and generally state their proposition as ''ipse 
dixit," and do not give the why and wherefore. 


In the present paper, the writer does not lay any claim to its 
being original; but has tried to bring together practical know- 
ledge of the subject for the benefit of “ Juniors °’ who may be 
interested in steam engineering. 


I may state that practice will always diverge somewhat from 
theory, because theory may be called ideal conditions, which you 
never find in practice ; but it is obvious that the ideal standard 
of reference and comparison is the theoretical standard. 


If we take any given area of flue the volume of flow per unit 
of time is a constant multiple of the velocity. Therefore, if the 
volume be denoted by ‘‘v’’ and the head producing the velocity 


* v2 e . 
by ‘‘ h," we may write p ce where c is a numerical constant. 


Thus the volumes v1, v2, v8, etc., are ordinates at the abscisse 
hl, h2, h3, etc., in the parabola, whose parameter is the flue 
constant. 


We have to bear in mind that this is not the relation of the 
mass and the pressure, nor yet of the mass and the head, but it 
is the relation of the volume and the head? and the distinction is 
by no means of a purely academic kind. 


It is evident that we are more concerned with the weight or 
mass of air supplied to the furnaces, than with the volume that 
it happens to occupy in the chimney, for our present purpose we 
may consider weight and mass as equivalent terms. If we call 
the pressure in Ibs. per square inch ‘‘ P,” and the mass or weight 
of the whole volume v in Ibs. be called ‘‘ M,"' and the density or 
weight in Ibs. of one cubic foot = D, 
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Then І,%уз 
Ср > ур 

but LD=P (2) 

апа урем 

hence Р° Му 
and since the volume у is a constant multiple of the velocity V, 
we may write P * MV, hence we see that the pressure varies 
as the mass x by the velocity, which is a fundamental law of 
mechanics applicable to the motion of both fluids and solids. 

It will be seen that the pressure varies as the square of the 
velocity only ; when the mass and the velocity vary together at 
equal rates, but in a furnace flue or chimney the mass and the 
velocity never do vary together at equal rates. 

Until a certain temperature is reached (approximately 
400 deg. F.), the velocity in the chimney always varies at a faster 
rate than the weight of air supplied to the furnaces, while beyond 
this point the mass and the velocity actually vary in opposite 
directions, it can therefore be seen that the popular axiom which 
states that the pressure varies as the square of the velocity, is 
untrue in the case of chimney draught. (Fig. 1.) 
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Fig. 1. Temperature of Gases in Chimney. 


Of course this fact is well known to many engineers, but why 
should text books quote an antiquated axiom which at its best 
is only true within very narrow limits, instead of plainly enunciat- 
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ing the law which is always true? In some few instances the 
writers of these books qualify their statement by saying ‘‘ that 
the pressure varies as the square of the velocity provided the 
densities remain constant,’’ but as the whole draught is nothing 
but a constant multiple of the difference of the densities, and 
every fluctuation in the amount of draught is due to a correspond- 
ing fluctuation in the difference of the densities, the qualifying 
statement is absurd; and as shown, the pressure is in ratio to 
the momentum M V, and the work or power is in ratio to the 
pressure x by the distance through which it acts, in the unit of 
time, or in other words, the power varies as the kinetic energy 
М У2, 

To find the density or weight in 165. of one cubic foot of air 
the text books use a formula in which 1.3253 is the co-efficient 
of the barometer, and 459 the complement of the F. scale, but 
the latest authorities give 460 or, say, 460 deg. F. as the 
absolute zero; and if we use the round figure of 461 as the 
absolute zero, the co-efficient of the barometer is 1.33. 

Now if D be the density of dry air, F the temperature in 
degrees F., t the absolute temperature and B the barometrical 
reading in inches of mercury, then 

t = F + 460 
and t D = 1.33 B 

we may assume a standard barometer of 80 ins., although the 
generally accepted standard is 29.9 ins. The density of the 
external air will then be affected only by the absolute tempera- 
ture t. This density may be called the normal density “ D ” 
and '' t,"' is the normal temperature ; as the absolute temperature 
of the air within the chimney is greater, call it * Т,” and as the 
density of this heated air is less than ‘“ О”! we will call it “а,” 
then under a standard barometer of 30 ins. we have t D = Td = 
39.9, let us take the round figure of 40, which is more convenient, 
and the difference is hardly appreciable, then from the equation 
above it is evident that t and D are co-ordinates in a rectangular 
hyperbola, and that T and d are also co-ordinates in the same 
hyperbola, the condition of the hyperbola being that the products 
of the co-ordinates to any point in the curve is the constant 40. 

If we now consider the case of a boiler chimney '' f ” ft. high, 
and assume that the flue resistances are small enough to be 
neglected, or that the head “Һ” consisting of air at temperature 
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“Т” varies directly as the square of the velocity of the chimney 
gases, whose temperature is also '' T."' 


Then the normal volume of air drawn from the external 
atmosphere is '' v," and its mass is '' М,” within the chimney, 
the mass is still practically ‘‘ M,"' but its volume is now ‘‘ vo," 
its density is ‘‘d,’’ and its absolute temperature is '' T," we 


have then the following ratio, which we call '' R,"' and it has 
three values, namely, К =—_-=—-= 


But whatever volume or velocity, we consider it is quite evident 
that the total pressure is equal to the differences of the densities 
x by ''f," but ‘‘f’’ is a constant, hence 

P * (D- d) 
but the general formula gives another value for P, namely, 
“Mvo”; for “уо” is a constant multiple of the velocity of 
the heated gases in the chimney, hence we may write 
“Муо”- (D — d) if we now multiply each side by the 
inferior density '' d," then since ‘‘vod’’ = M, we obtain for 
the value of the mass of air supporting the combustion 
M=“ X (D-djd 

This ratio of M is very easily plotted, and the simultaneous 
fluctuations of the temperatures, densities, pressures, and masses 
may all be shown in a single diagram. 

Under the standard barometer of 30 ins., the absolute tem- 
perature and the densities are, as already stated, co-ordinates 
to all points on the curve of a rectangular hyperbola, whose 
constant is 40, but since the actual value of the co-ordinates differ 
so greatly in magnitude, the ordinates of the temperature must 
be plotted to a smaller scale than the ordinates of the densities ; 
in the diagram (No. 2) the scale of the densities is 10,000 greater 
than the scale of the temperatures, for since TD = 40, we may 


t А А А 
also say 100 * 100 D = 40, which gives the scale of the diagram, 


and the actual absolute temperature is obtained by moving the 
decimal point of the temperature two places to the right, thus 
an absolute temperature which is shown on the diagram 1$ 
5.8 deg. is in reality 530 deg., and in a similar way the actual 
density is obtained by moving the decimal point two places to the 
left, thus a density which appears on the diagram as 7.7 is in 
reality .077. 
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Then in any diagram similar to No. 2, A, O, CB may be any 
rectangle the area of which is 40; thus AB = 4 and BC = 10, 
and their product = 40, and if any line. such as О T be drawn, 
the horizontal length ‘‘ A, T,’’ and the vertical height C, F, will 
fix the position of one point on the hyperbolic curve, whose 
asymptotes are O A and O C produced; the construction will 
be quite familiar to engineers who have had to deal with 
indicator diagrams, and it is therefore not necessary for me to 
show the curve. 


Fig. 2. 


In the application of the rectangular hyperbola, the line A B 
produced is the line of absolute temperatures, and a line drawn 
from О to any temperature t (the geometrical value of which is 
At) possessed by the external air will intersect the line C B at 
a point E. 

Now C B is the line of densities, and just as A t is the 
geometrical measure of the algebraic value t so is CE the 
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geometrical measure of the algebraic value D, and if A T be the 
geometrical measure of the chimney temperature, the algebraic 
value of which is T, then C F is the geometrical measure of the 
inferior density, the algebraic symbol of which is d for O T 
intersects the line of densities at F. 

Then since C E equals the normal densities D and CF = 
the reduced density d, it is clear that CE — CF is the geometrical 
equivalent of the difference of the densities, but CE — CF = 
F E, hence F E is the geometrical measure of the value P, the 
ratio of which is (D — d). 

Finally, C E, the superior density, is the diameter of the semi 
circle CK E, and we thus have ЕК = / FE x СЕ, but the 
algebraic value of F E is (D — d), and that of CF is d, hence 
F K is the geometrical measure of the algebraic value denoted by 
A (D = d) d; but this, as previously shown, is the ratio of 
the mass of air, the symbol of which is M, so that F K is the 
geometrical ratio of the mass or weight of air supplied to the 
furnaces. 

Thus all the factors of the mass are measured as straight 
lines in the hyperbolic diagram, whose constant is equal to 40, 
and the mass itself is measured by a straight line erected on the 
diameter of a semi-circle, at a point fixed by the hyperbolic factors 
of temperature and density, and by merely drawing two straight 
lines from '* O ” to the absolute temperatures t and T, the whole 
of the remaining value D, d, P and M plot their ratios automatic- 
ally, and the diagram also gives a ready method of working back 
from a given mass to the temperature '' Т,” that will produce 
such mass. 

In order to do any given amount of work, it is necessary to 
liberate a given amount of energy, and to obtain this energy 
requires the combustion of a given amount of coal, which requires 
a given amount of air, hence, any increase in the volume VO 
can only be valuable in so far as increment of volume is associated 
with increment of mass, and whilst the volume vo may be 
expanded indefinitely, and the pressure P may be theoretically 
augmented until (D — d) = D, the mass M is limited by 4 
very definite maximum, this can be seen by referring to Fig. 9, 
where the maximum of the mass is obviously reached, when ЕК 
becomes equal to the radius of the semi-circle C, K, E, whatever 
be the condition of the external atmosphere. 


BY J. К. WirLiAMs. 367 


The diameter of the semi-circle C, K, E, is the density D, the 
ordinate F K is removed from one extremity of that diameter 
by the density d, and from the other extremity by the difference 
(D — d) of the densities, but when ЕК is equal to the radius, 
the density d is also equal to the radius, and the difference of the 
densities is equal to the radius also at this juncture, therefore 
d = (D — d), so that the mass M, the geometrical ratio of which 
is F K, is a maximum, when D — 2d, and as previously shown, 
when D = 2 d, we have T = 2t, and this is probably the reason 
why many text books affirm that the best temperature to main- 
tain in the boiler chimney is that which makes the value of 
Т= 2t. 


Fig. 8. 


The fact that the maximum mass of air is supplied to the 
furnace when R — 2 is not any proof that this value of R is 
the best value to aim at. Maxima of this class look imposing, 
but they frequently cost more than they are worth, and in the 
Case of fuel combustion, the maximum is much more costly 
than masses which are slightly less. This is shown in Fig. 8, 
the values have been chosen only because they are whole numbers, 
the significance of which is manifest. 


368 Furnace DRAUGHT FOR STEAM BOILERS 


Two cases are illustrated in the diagram, first, when the 
external temperature t = 500 degs. F. absolute, and the normal 


density ee the chimney temperature T = 800 degs. F. absolute, 


and the pressure ratio is F E = 8, the ratio of the mass being 
Е, К = V 15. 

Upon this basis, let us examine the theory that the best 
chimney temperature is 2t, and as in the first case we put 
t = 500 degs. F. absolute, we make T = 1,000 degs., the 
pressure now rises to F, E — 4, which is shown to be an increase 
of 33 per cent., whilst the ratio of the mass is raised to F, К, 
which is equal to V 16 or about 8 per cent. greater than F, K,, 
and the question arises is the extra 3 per cent. of mass really 
worth the cost incurred by the extra 33 per cent. of pressure. 
In the first case a mass of air, the ratio of which is ,/15, is raised 
through a range of temperature amounting to 300 degs. F., 
J 15 x 800 = 1,162. In the second case a weight of air the 
ratio of which is 16 is raised through a range of 500 deg. F., and 
у 16 x 500 = 2,000, or 72 per cent. greater than the cost of 
a mass which is only 3 per cent. less than the maximum. 

As already shown, the increment of volume is only valuable so 
far as it coincides with increment of mass, and further increment 
of mass can only be valuable in so far as it is associated with 
increment of useful energy. 

The object of the chimney is not the passing of volume, nor 
the circulation of mass, nor even the consumption of coal, except 
as means to an end, which is steam raising, and therefore the 
best ratio is that which will develop the largest amount of energy 
available for raising steam. 

In order to effect the combustion of the coal we must supply 
a sufficient quantity of air, and if we call that quantity of air 
а lbs. per lb. of coal, then the total weight of the air supply will 
be a times as great as the coal consumed, and since the weight 
of air is M the weight of coal used in the unit of time will be 
М/а Ibs., and if the combustion of each lb. of coal develops оп 
the average U units of heat, then the total energy developed will 


be E heat units, and E = U м and since U and А аге constant 


values in each given case, we have the rule that E varies as M 


and the maxima of E and M will occur simultaneously when 
R = 2. 
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This total energy E is expended in various ways, such as the 
heat left in the ash, radiation from the boiler surface and raising 
the temperature of the air supplied to that of the furnace, but 
for comparison, it may be divided into two parts, one part being 
expended between the furnace and the chimney base, and the 
second part beyond the base of the chimney, and may be con- 
sidered as energy expended upon the production of draught alone. 

If we use the symbol E O for the second of these parts, then 
ЕО = M S (T- t), where S is the specific heat of air at constant 
pressure, and the quantity E O may be called lost energy, and 
the portion expended between the furnace and chimney base 
may be called effective energy, for although the whole is not 
effective in the true sense of the word, still it represents a ratio 
of real efficiency, and if we denote its value by E, then the 
effective energy is E — E — C O, and putting in the values of 


E and EO we obtain e = M [2-sir-9] 


that e is limited by a maximum which must of necessity occur 
at a lower value of R than that associated with the maxima of 
M and E, and it is of importance to inquire at what value of T 
that maxima is attained ; we can reduce the last equation to a 
more convenient form for use in this connection if we first divide 
each side by S t and substitute for T/t its value R, then substitute 
for M its ratio, which is / (D — d) d then substitute for d its 
value D/R and divide both sides by D, we then obtain 
e ,VR-I1 U 

StD’ xls st. (R-1] 
but s is a constant, and t D = 40, we may therefore cast out 
these constants, and write 

J R-1p U 

e- x e 8-51 
Let us now examine an average case, say U — 14,000 BTU 
рег Ib. of coal; А = 24 Ibs. of air per lb. of coal. S = .2879. 
t = 510 degs. F. absolute. Substituting these values in the 
above equation we have 


e: MEE 1 [4808- (R -1) | 


Now, whether we consider e as an exact ratio of the steam 
raising energy or not, it is undoubtedly the ratio of the energy 
expended in the vicinity of the boiler, provided that the absolute 
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temperature of the gases at the chimney base be equal to T, and 
it is evident that if that temperature be greater than T, the 
energy expended in the boiler flues will be less than its theoretical 
value e o, and it will be seen that in such a case the actual 
maximum of e must occur at a lower value of R than is associated 
with the theoretical maximum, and it will be found that the 
maximum of e occurs at a value of R, which is approximately 
equal to 1.569. At this point T = 800 degs. Е. absolute, ог 
999 degs. F. actual reading. 


If we compare the case of e max., when R = 1.569, and the 
max. of E when R - 2, it is seen that in the latter case we burn 
more coal and obtain less effective energy in the boiler flues. 


Many text books assert that 600 degs. F. is the best chimney 
temperature, and if we compare this we shall get a more striking 
contrast. 

Compare a case where R = 2.08 and R = 1.3, when R = 2.08 
the temperature of the chimney gases will be 1,061 degs. F. abso- 
lute, or 600 actual, and we find that we obtain a less value of e 
(although we burn 18 per cent. more coal) than if we had adopted 
a temperature of 663 degs. F. absolute or 202 degs. F actual. 


The reason of this is that, when the chimney gases = 
600 degs. F. actual, instead of 202 degs. F., the total energy is 
increased 18 per cent., but the energy expended in the draught is 
increased by 427 per cent. 


It is therefore seen that in all circumstances the maximum of e 
occurs between R = 1.5 and 1.6, and the temperatures associated 
with these values of R are the most economical to adopt. 


Dealing with the one objection to this, viz., that when 
R = 1.57 the temperature of the gases leaving the flues will be 
840 degs. F. actual, this is the temperature of steam at 100 Ibs. 
per square inch, and for high pressures the temperature of the 
flue gases cannot be reduced to 340 degs. ; this is, of course, quite 
true; but the answer is obvious, viz., let the temperature of the 
gases leaving the boiler be anything that may be preferred, but 
let the excess of temperature be absorbed by a feed heater vr 
economiser placed between the boiler and the base of the chimney. 
and apart altogether from considerations of draught, the 
economiser will be found a very essential detail to any economical 
boiler plant. 
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FROM THE 

June, 1912. 

STARTING PLATFORM. 

THE CAUSES A discussion of the subject which forms the 
PREVENTING THE heading of these notes has lately occupied 
MORE GENERAL the exclusive time of three meetings of ihe 
USE OF Institution of Electrical Engineers. The dis- 
ELECTRICITY cussion was inaugurated at the special 
FOR DOMESTIC instance of the President, Mr. Ferranti, who, 
PURPOSES. in his opening remarks, said his object was to 


start a campaign in favour of cheap енен for all domestic 
uses other than lighting. 

There has been a feeling growing up lately that that Institution 
has hitherto concerned itself too exclusively with the scientific 
and technical sides of electrical engineering, and Mr. Ferranti, 
during his two years’ term of office as President, has led the way 
in directing its activities towards the commercial side, which is 
at least as important in its way. It may be of interest to mention 
here that a new set of Articles of Association is now being adopted 
by the I. E. E., one of the principal objects of which is to strengthen 
the commercial side by making provision for the admission, to the 
dass of Associates, of business men, lawyers and others who may 
be connected directly or indirectly with the electrical industry, 
even though they cannot be described as engineers. | 

It certainly has been one of the weak points of the typical 
electrical engineer, in the past, that he has been too much wrapped 
up in the technical side of his work, and has been apt to look 
down on the commercial side—has been ‘‘ ashamed of the shop 
window,’’ as one speaker in the discussion put it. Central-station 
engineers have thought more of their works costs, and of getting 
à good place in the Tables of Costs in the '' Electrical Times,"' 
than of anything else. The consumers were treated as though 
it was doing them a favour to let them have electricity, and, as for 
advertising the supply, such a thing was never dreamed of. 

But now we are beginning to wake up to the fact that, if we 
are to extend our business further, we must change our methods. 
We have already got all the customers who were ready to drop 
into our mouths, or who could not do without the electric light— 
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the theatres, the clubs, the big shops, the rich private house- 
holders. But, although they are the plums, they are but a small 
proportion of the vast bulk of business that still remains to be 
got, apart from the possibilities in the direction of power and 
heating supplies. And to get that vast bulk of business we have 
got to advertise. | 


The electric-supply authorities are just beginning to wake up 
to that fact, and a Committee has been formed by a few of them, 
known as the Electric Supply Publicity Committee. So far, the 
performanoes of this Committee have not been particularly bril- 
liant, being confined principally to a few posters and leaflets ; 
but, considering how they have been hampered by want of funds 
and of any permanent staff, they certainly have done the best 
they could with the very limited means at their disposal. But 
something more than this is required. In the United States, for 
instance, the electric-supply companies advertise systematically 
and on a large scale, and the results, as mentioned by Mr. F. W. 
Willcox in the discussion, appear to have been striking, though 
it is difficult to make a fair comparison between the U.S.A. and 
this country, the conditions being so different ; for instance, in 
many towns in America there is no gas supply. 


Several speakers in the discussion advocated advertising in the 
daily newspapers, and the writer is inclined to agree with them, 
although it is, of course, by no means a cheap form of advertising. 
In fact, individual electric-supply authorities could not afford to 
carry out such advertising in an effective manner ; some joint 
organisation is required. The gas-supply authorities already have 
such a body, which is called the British Commercial Gas Asso- 
ciation, and their advertisements in the daily papers undoubtedly 
do catch the public eye. Others pinned their faith to personal 
canvassing or to showrooms ; but the fact is, every form of adver- 
tising is useful, and every form should be employed—the poster, 
the newspaper advertisement, the booklet, the showroom, the 
exhibition, all are necessary, but they also need to be followed up 
by personal canvassing. And this canvassing cannot be left to 
contractors, but must be carried out by the supply authority them- 
selves; the contractors don’t like that, but it is necessary. 
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Some speakers (the President included) said the great thing was 
to reduce the price of the supply. The writer remembers, not so 
very many years ago, a Paper read by Mr. (now Colonel) Crompton, 
in which he gave figures to show that it might be possible to 
generate electricity and sell it profitably for the unheard-of price 
of threepence per unit. We looked upon him at the time as a 
bold prophet. Now we have Mr. Ferranti suggesting that if 
electricity could be supplied throughout the country from every 
station at a price not exceeding ld. per unit, a great increase in 
the applications of electricity would result, while a selling price 
of 4d. per unit even was talked about. 

Well, we shall see. One speaker suggested that in the future 
the whole of the electric generating plant might be installed under- 
ground in coal mines, since it is cheaper to lower shift engineers 
than to raise coal. If anything comes of Sir William Ramsay's 
scheme for making gas underground, such gas is likely to be more 
suitable for power than for illuminating, and will probably be used 
for running electric generating stations, and so for giving us 
cheap electricity. 

One thing that has certainly retarded the use of electricity among 
the smaller classes of consumer (who form the bulk of the business 
that yet remains to be obtained) is the cost of wiring. Most of 
the existing houses in towns are already fitted up for gas ; if these 
small tenants have taken their houses by the week, or month, or 
even by the year, they are not going to pay for wiring, especially 
as they cannot take it away with them when they leave, and they 
cannot get the landlord to pay for it. The electric-supply people 
must put in the wiring for nothing in such cases, as the gas com- 
panies do ; if necessary, they may charge more per unit, by using 
slot meters, in order to recoup themselves for the cost of the 
wiring, but they must put it in for any tenant who wants it, 
without asking for all sorts of guarantees, as they do now. ‘‘ Oh, 
but," they say, ‘‘ if that tenant leaves, the next one may not use 
the electric light, and then we shall Jose our money." They must 
take their chance of that ; they will find that not one tenant in ten 
but will use the electric light when he finds it actually in the house, 

and if the next tenant doesn't use it, the chances are the next but 
one will. 
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‘in its infancy." To the writer’s mind, it 
is folly to talk at present of heating the whole house, including 
the domestic hot-water supply, by electricity, except where expense 
is no object, but there is a big trade to be done in the smaller 
electric heating and cooking appliances. The price of these is, 


Electric heating 1s 


however, still much too high. Also, the appliances must be hired 
out if they are to be popularised, and they should also be supplied 
free on approval for a limited time. Nine consumers out of ten, 
if supplied with an electric flatiron free on approval, would keep 
it and pay for it. 

The discussion was somewhat inconclusive ; a discussion of such 
a kind was perhaps bound to be, but it may at least have done 
good by providing food for thought. 


Some members spoke in a somewhat despondent strain, as 
though the progress made in the development of the uses of elec- 
tricity were disappointing ; but one of the speakers, more cheerful, 
asked us to imagine the gas engineers holding a similar discussion. 
They would probably be discussing “ The causes why the Elec- 
trical Engineers are getting all our Business." They would be 
saying: ‘‘ They have taken away from us all the theatres, the 
great hotels and the big shops, all the clubs, the public buildings 
and institutions and all the best houses, as well as the lighting of 
nearly all the best streets ; they have taken away the bulk of the 
power business, and they are now carrying off our small con- 
sumers and are cutting into the heating business.’’ No, the elec- 
trical engineer has no need to feel despondent over his progress 


in the past. 
G. C. ALLINGHAM. 


OBSERVATIONS 
IN GENERAL. 


Members will be particularly pleased to hear that the Council 
have had the honour of electing Sir A. Trevor Dawson as 
President of the Institution for the year 1912-18. Sir Trevor will 
be remembered by all as the author of the most valuable paper on 
“The Engineering of Ordnance,” which he gave before the 
Institution in 1909, and for which he was awarded the Canet Gold 
Medal. 
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. According to the terms of the ** Canet Medal Fund,” the Medal 
is awarded every four years; and it is singularly appropriate that 
Sir Trevor Dawson should be President of the Institution when 
it is awarded next Session. | 


* ж * * * x 


Members intending to compete for the '' Durham Bursary ”’ 
should remember that time is now getting short. "Theses must 
be delivered to the Secretary not later than the Ist August. 
Candidates must be over 20, but not more than 23 years of age 
on that date. The qualification is the writing of a thesis on some 
engineering, technical or scientific subject, chosen by the candi- 
date. The vaiue of the Bursary is £25. 


+ + + ж + ж 


Тһе arrangements for the week-end visit to Shefheld on Friday, 
21st June, are now complete, and the programme will be as set 
out in this month’s blue circular. It will be observed that no 
specific programme for Saturday and Sunday, the 22nd and 28га 
of June, is stated. It is intended that members should be left to 
their own devices on these days, but opportunities will be afforded 
for parties to be made up for drives to the various places of interest 
and to see the magnificent scenery around the Baslow district. 
The Reception Committee will be pleased to welcome any intend- 
ing members and friends of members. 


* * * ж ж * 


The Past and Present othcers of the Institution and Members of 
Council held their Annual Dinner at the Victoria Mansions 
Restaurant, on Monday, 22nd April. The opportunity was taken 
to present the Secretary with a handsome silver rose-bowl, on the 
occasion of his marriage. These informal gatherings of the 
governing body of the Institution cannot fail to do an immense 
amount of good to the Institution generally, affording as they do, 
opportunities for discussing—without the formality of the Council 
table—ways and means of promoting and sustaining the objects 
and interests of the Institution. 


* * ж ж ж * 


The use of gaseous fuel for heating purposes has the advantage 
that the air supply can be adjusted to that theoretically required 
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with almost mathematical accuracy, whilst with solid fuel a con- 
siderable excess of air is always necessary over and above the 
theoretical proportion. This excess becomes very great when 
really high temperatures have to be developed by means of solid 
fuel. As has long been known, gaseous fuels can be made to 
burn flamelessly ; and many years ago Mr. Fletcher, of Warring- 


ton, showcd that in this way very high temperatures were attain- 
able. 


* ж * ж ж ж 


This method of heating by flameless surface combustion has 
recently been revived by Prof. Bone, who has secured with 
it some very interesting results. For some reason or other, it 15 
suggested that it may possibly be due to the fact that hot bodies 
give off negative electricity in quantity, the rate of chemical 
combination with this kind of combustion is very much more 
rapid than it is with an ordinary flame. There is thus an immense 
development of heat within a very restricted space, and Prof. 
Bone is thus able to melt platinum in mass with a simple mixture 
of coal gas and air. 


ж ж ж ж ж ж 


In conjunction with Mr. McCourt, he has also applied the 
system to the heating of boilers and obtained not only an un- 
exampled economy of fuel, but also a very large evaporation per 
square feet of heating surface. Тһе boiler used is of a very 
simple type, consisting of a mere shell of any required diameter, 
but only 4 feet long. This is traversed by a series of boiler tubes 
3 inches in diameter, expanded at each end into the end plates. 
Each tube is filled with broken fire brick, on the surface of which 
the combustion takes place. 


ж + * * * * 


This combustion is completed within a portion of the tube, 
about 6 inches long ; the remainder of the material serving to 
baffle the escape of the hot gases. A very simple type of feed 
heater is combined with the boiler, and on trial, some 94 per cent. 
to 95 per cent. of the total heat of combustion was transferred 
to the steam. The draft needed is about 17 inches of water, and 
for a boiler furnishing some 5,500 Ibs. of steam per this draught, 
according to the guarantees of the fan builders can be provided 
for an expenditure of about 9 h.p. 
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PERSONAL NOTES 
OF MEMBERS. 


ARTHUR BOURNE has been appointed to the staff of “The Engi- 
neers’ Standard Catalogues,” of Bloomsbury Hall, Hart Street, 
London, W.C. (825 Gerrard.) 


E. J. BRUNNING is now in Port Colborne, Ontario, Canada, on behalf 
of his firm, The Canada Cement Company. 


W. Cory CHARTER has left Cuba, being now temporarily engaged 
on surveying roads in the mountains for the Public Works 
Department of Jamaica; Heathwood, Constant Spring, St. 
Andrew's, Jamaica, B.W.I. 


JAMES GOODCHILD has recently been elected an Associate Member 
of the Institution of Electrical Engineers. 


REG. C. GOODMAN is on his way to Astrakhan, Russia, not 
Afghanistan, as stated in the May Journal. In a letter from 
Moscow, dated 14th May, Mr. Goodman writes that another 
new store of his Company, The Union Cold Storage Company, 
is just nearing completion in that city, and that he is remaining 
there for a month or so to assist, before proceeding to his 
permanent address in Astrakhan. 


W. H. GOODMAN has entered into partnership with Mr. Louis 
Evans, M.I.N.A., M.I.Mech.E., the name of the firm being 
Messrs. Louis Evans & Goodman. of 96-98 Leadenhall Street, 
Е.С. (Evanuers, London; 6318 Avenue.) They are carrying 
on business as consulting engineers, and are also representing 
several firms in the South of England. Mr. Goodman's private 
address is Cingalee, Oakhurst Avenue, New Barnet. 


GILBERT J. HARTLEY returned to Buenos Ayres on the 23rd May 
by the s.s. * Highland Pride." 


WM. E. MCKENNA writes on 6th May, 1912, that he is at present 
at Shellong, the chief town of the Province of Assam, and is 
employed on a waterworks scheme. The water is caught and 
enclosed at points where it emerges from the hillside, and led 
by pipes to a reservoir. There are no settling tanks, as the 
water has been proved to be quite pure. The system is by 
gravitation, and the cost, when completed, will be about £6,000. 


C. F. MORGAN is now with Mr. H. G. Fairfax, of 151-154 Palace 
Chambers, Bridge Street, Westminster. 


R. W. NEWMAN has been transferred to the class of Member of the 
Institution of Civil Engineers. 


W. E. PLAISTER has entered the services of Messrs. W. Jessop & 
Sons, Ltd., Brightside, Sheffield. 
E. T. F. PoPE is now in the Chief Engineer's Department of the 


Metropolitan Water Board, 173 Rosebery Avenue, Е.С. (579r 
Holborn.) 
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GORDON №. Ротт has been appointed to the post of Assistant 
Engineer in the Mechanical Department of Messrs. Edward 
Lloyd, Ltd., printers of the “ Daily Chronicle,” “ Lloyd's News,” 
etc., 19 Salisbury Square, Fleet Street, E.C. 


T. F. G. SHEPHARD has been elected an Associate Member of the 
Institution of Electrical Engineers. 


CHANGES OF ADDRESS. 


BALL, A. J., Roseneath, Sydenham Park Road, Upper Sydenbam, 
SE: 


BURROW, L. A., Rendleford, Yewtree Walk, Purley, Surrey. 

ELLIOTT, S. J., Denham Cottage, Watling Street, Dartford. 

ELLIS, L. R., 66 Hayfield Road, Pendleton, Manchester. 

FERGUSON, H. G., C.S.M. Club, Camborne, Cornwall. 

MARSHALL, S. C., 15 Dassett Road, Knights Hill, West Norwood, 
S.E. 

MORTON, R. M., 69 Queen’s Road, Wimbledon, S.W. 

ROBERTS, E. D., The Globe Hotel, Chnolleigh, Devon. 

ROGERS, W. G., 14 St. Margaret's Terrace, Grange Road, Bradford. 

TOYNTON, W. E., Kingscliffe, Thorpe Hall Avenue, Thorpe Bay, 
Southend-on-Sea. | 

WASHINGTON, J. N. C., 47 Clifton Crescent, Asylum Road, S.E. 

Watson, T. А., 4 Haydn Avenue, Purley. 

YOUNG, P. L., 28 Carmalt Gardens, Putney, S.W. 


MEMBERSHIP ELECTIONS. 
Members. 


BRADFORD, JOHN; 68 Pennard Road, Shepherd's Bush, W. ; and 
The Sugar Machinery Manufacturing Company, Ltd., 
76 Elsham Road, W. (3907 Kensington; Proofstick, London.) 


JONES, WILLIAM GOLDSMITH; c/o Alex. V. Robertson, Esq. 
704 Metropolitan Building, Hastings Street, Vancouver, В.С., 
Canada; and Engineers Department, City Hall, Vancouver, 
B.C., Canada. 

Мазох, EDWARD JOSEPH; 27 Bignold Road, Forest Gate, Е. ; and 
Messrs. S. H. Johnson & Company, Ltd., Carpenter's Road, 
Stratford. (363 East; Filtrum, London.) 


SABEY, GEORGE EDWARD ; 203 Wanstead Park Road, Ilford, Essex; 
and c/o Messrs. Homan & Rodgers, 17 Gracechurch Street, 
E.C. (106 Avenue; Homan Rodgers, London.) 
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Associates. 


CALLINGHAM, RICHARD ROBERT ; 3 Princes Square, Hyde Park, W. ; 
and Messrs. G. Hopkins & Son, 54 John Street, Clerkenwell, 
Е.С. 

HEALEY, JOHN JAMES; 368 Clapham Road, S.W. ; and c/o Robert 
White, Esq., South Indian Railway, 3 Victoria Street, S.W. 
(1784 Victoria; Brentesia, London.) 


Transferred from Associate to Member. 


WESTON, ARTHUR HORACE; Langside, 95 Bolingbroke Grove, 
Wandsworth Common, S.W. ; and The Anglo-Saxon Petroleum 
Company. Ltd., Marine Department, 21 Bury Street, E.C. 
(2030 City; Angsaxpet, London.) | 


NOTES ON TELEPHONE EXCHANGE EQUIPMENT. 


The Eighth Meeting of the Thirty-first Session was held 
at the Institution of Electrical Engineers, Victoria Embankment, 
on Friday, 10th May, 1912, Mr. Walter T. Dunn (Chairman) 
taking the chair at 8 p.m. The attendance was 87. 

The minutes of the previous meeting were read, confirmed and 
signed. 

The Institution Silver Medal of the previous Session was pre- 
sented to Mr. S. Bylander for his Paper on “ The Architectural 
and Engineering Features of the Royal Automobile Club Build- 
ing," read on the 24th February, 1911. 

Mr. Alex. J. Gayes, of London, read his Paper, '' Notes on 
Telephone Exchange Equipment," as Durham Bursar for the 
year 1910. 

Moved from the chair, a vote of thanks was passed by acclama- 
tion to the author for his Paper, and a discussion on the Paper 
followed, in which Messrs. W. B. Allcock, H. H. Harrison, G. H. 
Nash, G. C. Allingham, W. C. Wedekind and J. Stuart-Jones 
took part. 

The author having replied, the proceedings concluded with the 
following announcements :—Friday afternoon, 17th May, visit the 
Factory of the Orchestrelle Company, at Hayes; Thursday evening, 
23rd May, at 6 p.m., visit the General Post Office Avenue Tele- 
phone Exchange ; Friday, 21st June, to Monday, 24th June, week- 
end visit to Sheffield. 
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THE NEW ENGINEERING WORKSHOP AND LABORA- 
TORY AND THE ELECTRICAL LABORATORY OF 
THE “POLYTECHNIC,” REGENT STREET. 


The Eighth Visit of the thirty-first Session took place on 
Saturday morning, 27th April, to the new Engineering Workshop 
and Laboratory and the Electrical Laboratory of the '' Poly- 
technic," Regent Street, by kind invitation of Professor H. J. 
Spooner. 

The party were conducted round the Engineering Workshop 
and Laboratory by Professor Spooner, who has kindly supplied 
the following notes. 

The machine tools, fitters’ benches, and erecting shop cover 
an area of 62 feet by 42 feet, in the sub-basement, about 30 feet 
below the street level. Тһе machines being driven from three 
lines of shafting, each being driven by an electric motor fixed 
above ground to give a clear floor space. Steel staunchions sup- 
port longitudinal and transverse beams quite clear of the ceiling 
above, and these in their turn support all the hangers for the 
main and countershafts, an arrangement which allows the lathes 
and machines to be placed in almost any position on the floor, 
and with this method of supporting the overhead machinery, there 
is an entire absence of transmitted vibration to the floors above. 
With the exception of a few of the best lathes and machines 
removed from the old workshops, the whole of the contents of 
the new shop, including many modern high-speed tools, is new 
equipment from the works of some of the most famous English, 
American and Continental makers of machine tools. 

There are 18 screw cutting lathes, including a fine Ryder 
84-inch all gear gap lathe, a 7-іпсһ Lodge and Shipley, and a 
7-inch Willard, and others by Messrs. Herbert & Co., Drummond 
& Co., The Britannia Engineering Co., Messrs. Pfeil & Co., 
Messrs. New & Sons, etc., etc. The equipment also includes the 
following :---A  Bilgram-Reinecker semi-automatic bevel gear 
planner, a Reinecker automatic spur gear cutting machine, two 
universal milling machines, 12-inch and 6-inch shaping machines, 
a 8-feet radial drilling machinc, an improved sensitive drilling 
machine, and two others, a three-speed high-speed planning 
machine, a power hack saw machine, two universal grinding 
machines, a beautiful Herbert automatic capstan lathe, an electric 
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spot and seam welding machine, two tool grinders, pneumatic 
chipping tools, a high-speed tool gas furnace, a gas forge, a 
high pressure gas crucible muffle furnace, cabinets of play and 
king gauges, caliper gauges, screw gauges, and reference bars. 


THE MECHANICAL ENGINEERING LABORATORY. 


This laboratory is adjacent to the workshop, and has an area 
of 62 feet by 46 feet, in addition to the boiler room. It consists 
of the following sections: Material Testing, Prime Movers and 
Heat, Hydraulics, Experimental Mechanics. The principal pieces 
of apparatus in cach section is as follows :— 


MATERIAL TESTING LABORATORY. 


А 100,000 Olsen improved motor-driven automatic and auto- 
graphic testing machine, with accessories and special arrange- 
ments for testing ferro-concrete beams and staunchions. 

Special 15-ton Wicksteed testing machine, power driven, and 
an 8,000-Ib. Avery testing machine, for testing wood, brick, stone, 
wire and cement, fitted with extensometers. 

Sankey’s hand metal bending machine. Test pumps for test- 
ing the strength of cylinders, pipes, and fittings up to 2 tons 
per square inch. Thurston’s patent oil tester, for testing lubri- 
cants. Boult’s patent cylinder lubricant tester, for testing lubri- 
cants at different temperatures. Nasmyth’s warm glass oil tester, 
for viscosity and gumming. Blake oil testing machine, for test- 
ing merits of different oils on commercial lines. Disc friction 
machine, for measuring the co-efficients of friction of different 
materials at high and low speeds, etc., etc. 


PRIME MOVERS AND НЕАТ LABORATORY. 


30 b.h.p. compound experimental steam engine, specially fitted 
with condenser, air pumps, circulating pumps, exhaust steam 
and live steam feed water heaters, separator, steam jackets, 
measuring tanks, water cooled brakes, etc. Тһе steam being 
supplied from a high pressure loco boiler, fitted with superheater, 
injector, and feed pump, etc. The whole arranged for experi- 
mental and research work. 

10 b.h.p. new design gas engine. Specially arranged and fitted 
for experimental work, with brake pulley and magneto electric 
ignition, with timing gear; the cylinder arranged with pockets 
for taking cylinder wall temperatures. А small experimental 
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steam and gas 6-stroke engine. A tandem experimental steam 
and gas engine, to work in a regenerative way (now under con- 
struction). A Hornsby horizontal oil engine. White and Poppe 
experimental petrol engines. 

A Day 5 h.p. two-cylinder valveless two-stroke petrol engine, 
and a De Russet paraffin engine, with coil and accumulator. 
Various carburettors ; four-cylinder Bosch dual magneto, with 
self-adjusting coil; four-cylinder Н.Т. Sim’s distributor ; Lodge 
igniter, with reversing switch; mercury bichromate charging 
battery, with lifting gear; hydrometer; apparatus for deter- 
mining the capillarity constant of a Паша; Weinhold’s apparatus 
for co-efficient of expansion of a gas; Berthelot’s apparatus for 
latent heat of vaporisation ; boiling point apparatus ; differential 
air thermometer; steam radiator; benzol testing apparatus; 
Coleman Archbutt viscometer ; Daniell's hygrometer ; Mason's 
hvgrometer ; waterhammer apparatus; convection apparatus; 
absorption brake dynamometers ; Seller’s portable dynamometer ; 
fuel calorimeters, including Simmance and Abadv's; Wyatts’ four- 
crank balancing apparatus for experimenting on the balancing of 
engines; deadweight pressure gauge tester; specific heat 
apparatus ; latent heat apparatus ; experimental boiler for pres- 
sure—temperature experiments ; Orsat gas analysis apparatus; 
Pensky-Marten flash point apparatus ; Hospitalier-Carpentier’s 
optical and other indicators ; experimental link reversing gear; 
experimental] valve gears, including Dee valve, expansion valve; 
Jov's gear; Coliss's gear; Walcheart's gear ; draught and CO2 
recorders ; apparatus for measuring the dryness fraction of 
steam, etc., etc. 


HYDRAULIC LABORATORY. 


Treble barrel vertical motor-driven experimental pump, fitted 
with Gutermuth patent self-closing valves and transmission dyna- 
mometer ; 38-inch centrifugal experimental pump, fitted with 
sluice and gate valves; two-inch motor-driven experimental 
pump set, fitted with dynamometer sluice valves, pressure and 
vacuum gauges, measuring columns and circulating tank. Pulso- 
meter, fitted with orifice column and gauges. 

Thomson vortex turbine with movable guides, water cooled 
brake and weir tank, etc. Flume set, with V and rectangular 
notches, measuring tank and weighing machine, etc. Pelton 
wheel set, with adjustable buckets, glass windows, water cooled 
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brake, etc. Steam jet-pump set, with measuring column, tank, 
etc., experimental Pulsometer pump. 

Friction in pipes and fittings set, six different sizes, pitot tube 
and venturimeter, etc. Orifice tank set, for experiments on 
relation between head and discharge, etc. Fan testing set, 
specially designed, with two long flues and motor drive and dyna- 
mometer, to experiment on fans of different types, etc. Hydraulic 
ram for experimental purposes. Small flume set. Small orifice 
tank set. Various water meters. Overhead tank, 135 feet above 
Laboratory floor, for experimental purposes. Viscosity of fluids, 
Perry's torsion apparatus. Bouyancy and meta centre apparatus, 
etc., etc. 

EXPERIMENTAL MECHANICS. 


Apparatus for experimenting on the efficiency of machines, in- 
cluding wheel and axle, differential wheel and axle, screw jacks, 
worm and worm wheel, helical gears, Weston's pulley blocks, 
and other blocks, trains of wheels, Morse chain transmission, 
and various lifting appliances ; dynamometers, transmission and 
absorption types ; fly-wheel, arranged for measurement of energy 
and moment of inertia. Moments of inertia by methods of oscil- 
lations. Whirling table, centrifugal force and critical speeds. 
Velocity of falling bodies, etc., patent ribbon Atwood machine. 
Inclined planes, various forms of standard trolley apparatus for 
work in acceleration, etc.  Polygon of forces and moment of 
forces. Experimental crane for forces in members, etc. Quick 
return motions. Apparatus for determining velocity and accelera- 
tion curves. Conversion of motion, crank with infinite link, crank 
and connecting rod, various cam motions, ratchet motions, feed 
motions, silent pawls, etc. Parallel motions, various. 

Modulus of elasticity, Searle’s apparatus, deflection of beams, 
cantilevers and springs, compression and extension of coiled 
springs, torsion of rods and wires, shear modulus. Continuous 
beam apparatus, Clapeyron’s theorem. Rope, belt and coil 
friction. Whirling of shafts apparatus, etc., etc. 

Mr. Hibbert conducted the party round the electrical workshop 
and laboratory, of which he is the head, and supplied the follow- 
ing particulars:—Power is obtained from the mains of the 
Marylebone Bcrough Council at 480 volts. By means of a series 
of eight motor generators the laboratory is supplied with direct, 
alternating and polyphase currents. Each motor generator has 
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its distributing switchboard and all parts of the laboratory are 
served from any machine. The laboratory itself contains series, 
short and compound motors, single, two-phase and three-phase 
motors, rotary converters, transformers, oscillographs, telephone 
exchange (including a small working automatic exchange), arc 
lamps, and all the usual appointments. Suitable switchboards 
for starting, regulating, synchronising, are fixed near each 
machine or combination, and arrangements are made for inter- 
connecting, so that groups of students are able to work in con- 
junction. 

At the conclusion of the visit a hearty vote of thanks was pro- 
posed bv the Chairman, Mr. Walter T. Dunn, for all the arranve- 
ments that had been made for showing the members round, to 
which Professor Spooner and Mr. Hibbert replied. 


NOTES AND QUERIES. 
Turbine Cfeaner, by E. F. Hetherington. 


In connection with the article on '' Boiler House Working,” 
by Mr. E. F. Hetherington, published in the May Journal, we 
have received a request from a member for further information 
respecting the turbine cleaner mentioned therein, and we have 
much pleasure in publishing the following particulars kindly sup- 
plied by Mr. Hetherington. 

The cleaner is supplied by Messrs. Babcock and Wilcox, the 
price being £8 10s. nett, for a cleaner suitable for cleaning a 
4-inch tube. This price includes, turbine complete with three 
cutter arm head, universal coupling, arrow head and porcupine 
drills, hose coupling and a complete set of replacement parts. 

Messrs. Babcock also supply a 40 feet length of 14 inch by 
4 ply armoured hose complete with unions, at an additional cost 
of £4 10s. nett. 

The quantity of water required for the turbine is anywhere from 
30 to 50 gallons per minute, according to the nature of the scale. 
The pressure should not be less than 80 Ibs. per square inch, but 
hetter results are obtained with a higher pressure, say 120 Ibs. ; 


1 have, however, worked the turbine at 150-200 Ibs. for very hard 
scale. 
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In the case of heavy scale the arrow head drill is used first. 
This drill having a gyrating in addition to a revolving motion, 
chips away the scale which is washed down the tube. The drill 
and universal joint are then removed and replaced by the cutter 
head with arms and wheels, which remove the remainder of the 
scale and polish the tube. 


The only expense in running the turbine, excepting of course 
the supply of water, is the fairly frequent necessity of renewing 
the cutter wheels when working on hard scale; this cost is, how- 
ever, very small, as the wheels are merely stampings and are 
therefore quite cheap. 


A cleaner for 3-inch tubes is, I believe, supplied by Messrs. 
Babcock and Wilcox for £8 5s. 


BOOK REVIEW. 


“ Elementary Graphic Statics.— W. J. Crawford, D.Sc. 131 
pages. (Chas. Griffin & Co., 2s. 6d. net.) 


There are plenty of hand-books on Graphic Statics. Some of 
them only pretend to be elementary, whereas they are, in fact, 
complex treatises wherein geometry is stressed to its maximum 
safe limit in a display of the depraved ingenuity of an expert 
gcometrician, lost to all consideration of the engineering applic- 
ability of that which he demonstrates. Others of them are truly 
elementarv, but often discursive, and only loosely accurate. 


Dr. Crawford's little volume does not fall into either of these 
classes. It is neither stiff nor loose. | Clearly reasoned, very 
clearly illustrated, and attractively written, it should prove to be 
a real help to any intelligent student commencing the study of 
Graphics. | 

W. J. Т. 
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FRIDAY EVENINGS. 


Мау 17th.—The Design and Constraction of the Modern 
Storage Cell, by С. C. Allingham, A.M.I.E.E. 


The construction of storage cells is now becoming standardised 
to a large extent—at least, in the case of stationary cells, to which 
these remarks are confined. 


The lead storage cell consists essentially of two electrodes or 
plates of lead, immersed in a vessel containing dilute sulphuric 
acid. The storage battery does not actually store electrical energy 
as such ; the energy is really stored in the form of chemical poten- 
tial energy, and, without going in detail into the somewhat com- 
plex chemical reactions that take place, it may be said that what 
happens, in effect, when a storage cell is charged, is that water 
is decomposed by the electric current ; hydrogen and oxygen are 
torn apart and are absorbed by the two electrodes of the cell, by 
which they are retained until the cell is discharged, when they 
combine togcther again. Hydrogen and oxygen have a powerful 
chemical attraction for each other, so that, when they are torn 
apart, potential energv is stored just as when a weight is raised 
against gravity. Thus, when charging the cell, the electrical 
energy which is expended in tearing apart the hydrogen and 
oxygen is converted into chemical potential energy ; and when 
the cell is discharged and the hydrogen and oxygen recombine, 
the kinetic energy produced is liberated in the form of electrical 
cnergy. 

Now, in order to absorb the hydrogen and oxygen respectively, 
the lead electrodes must be in a spongy condition. Ordinary 
metallic lead may be given the necessary spongy coating by one of 
two processes. The Planté process, which is the older, consists 
in forming the spongy coating out of the substance of the lead 
plate itself, by corroding the surface of the metal by means of an 
electrolytic process. According to the other method, which was 
invented by Faure, and was the first one employed commercially, 
the lead plates or grids are coated with a paste made of lead oxide 
(litharge or red lead) mixed with suitable liquid, such as dilute 
sulphuric acid, which is afterwards converted electrolytically into 
spongy metallic lead or peroxide of lead. 
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The active material (whether formed by the Planté or by the 
Faure process) on the electrode, at which oxygen is given off 
during charge, becomes converted into peroxide of lead, and this 
is known as the positive electrode of the cell. On the other, or 
negative electrode, the hydrogen which is given off reduces the 
oxide in the active material to spongy metallic lead. This, of 
course, is only a very sketchy explanation of the working of a 
storage cell, but may serve to give a rough idea of it. 

The type of positive plate, which may be regarded as repre- 
sentative of modern practice, since it is now almost universally 
used, consists of a cast-lead plate or grid, from $ in. to $ in. thick, 
composed of very fine ribs, about 20 to the inch, separated by 
grooves or slots which pierce the plate. These ribs run in a 
vertical direction, and are intersected by horizontal ribs at intervals 
of $ in. or so, which give the plate stiffness. A plate of this form 
has a very large surface, about eight times that of a plain plate 
of the same dimensions. The plate is cast in one piece, from pure 
soft lead, іп a metal chill, and is afterwards '' formed °’ by the 
Planté process, by which the whole surface of the ribs is coated 
with a closely adherent layer of peroxide of lead. 

The latest type of negative plate is known as the '' box type,” 
and this also is now employed by most up-to-date makers. The 
framework of this plate is made in two halves, each consisting of 
a lead grid with bars 14 in. to 2 in. apart, and having a thin 
perforated sheet of lead attached to one face; the paste, from 
which the active material is formed, is moulded into square pellets, 
which are placed in the receptacles of one of the grids, and the 
two grids are then riveted together, with the perforated lead faces 
outwards. The active material is thus entirely enclosed between 
the two sheets of perforated lead. The grids are cast from anti- 
mony-lead alloy (they would not be stiff enough if made of pure 
soft lead) ; the sheet of perforated lead is placed in the mould, 
and the grid is cast on to it, the metal of the grid becoming firmly 
fused to the perforated sheet. The negative plates are a little 
thinner than the positives, being from 1 in. to $ in. thick. 

The containing vessel is, as a general rule, made of glass for 
the smaller sizes of ocell, and of lead-lined wood for the larger. 
The wood boxes are made of best yellow pine, thoroughly painted 
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inside and out with acid-proof paint, and are lined with sheet lead, 
the joints of which are '' burned " with the oxy-hydrogen blow- 
pipe. The corners of the boxes are dovetailed and pegged, no iron 
or brass nails or screws being used in their construction ; and such 
boxes, if carefully made of sound wood, will last for a great many 
years without being destroyed by the acid. 


The plates are cast with lugs at their two upper corners, by 
which they are suspended in the cell box, so that they hang freely 
in tension and without being constrained in any way. When 
erected in glass boxes, the lugs of the plates are suspended on the 
top edges of the boxes themselves ; in wood lead-lined boxes a 
stout glass sheet is placed inside the box at each side, and the 
lugs of the plates are suspended on the top edges of these sheets, 
which come slightly above the upper edges of the wood boxes. 
A space of several inches is left between the lower edges of the 
plates and the bottoms of the boxes to allow for the accumulation 
of deposit, caused bv the shedding of active material (principally 
peroxide from the positive plates), which always occurs gradually 
in course of time, and has to be cleaned out every few years. 


One of the lugs of each plate is also used for making the elec- 
trical connection to it. The lugs of all the positive plates in the 
cell are connected together by means of a lead connecting bar at 
one side of the cell, and the lugs of all the negative plates are 
connected to another connecting bar at the opposite side of the 
cell. The joints between the plate lugs and the connecting bars 
are made by lead-burning ; for this purpose compressed gases 
(oxygen and coal-gas) in cylinders are now generally employed. 


The positive and negative plates are placed about 1 in. to 3 in. 
apart in the cell, and have to be prevented from touching each 
other. This used to be done by placing glass tubes or rods 
between the plates, but these have now been generally superseded 
by thin sheets of whitewood, like veneer, about 4! in. thick, which 
are supported halfway between the plates by round wooden rods, 
slit down the centre, the rods being suspended from the lugs or 
upper edges of the plates. The wood separators are made a little 
larger than the plates themselves, so as to be certain of com- 
pletely separating them. The separators have to be kept damp 
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until they are used ; if they were allowed to become dry they would 
warp and crack. 

The electrolyte consists of dilute sulphuric acid, having a specific 
gravity of about 1.200, and containing about 25 per cent. of 
H,SO,. It is very important that the acid used should be of 
the purest quality obtainable ; the ordinary commercial sulphuric 
acid contains impurities which are extremely injurious to the 
plates. Distilled water only should be used for diluting the acid. 
The level of the liquid in the cells requires making up from time 
to time, and for this distilled water should be used. И is not 
advisable to use ordinary water, which always contains impurities 
which are likely to be injurious to the plates and to reduce their 
life. The greater part of the loss of liquid from the cells, while 
in use, is due to the evaporation of water, and also to the decom- 
position of water into hydrogen and oxygen while the cells are 
gassing at the end of the charge ; but a little acid is lost also, 
being thrown off in the form of spray while the cells are gassing, 
and to make up for this it is necessary to add a little dilute acid 
to the cells occasionally. Acid must never be poured into the cells 
in a concentrated state. А good deal of the acid sprav, which is 
thrown off while gassing, is caught by means of glass sheets, which 
are placed over the tops of the cells for that purpose. 

The cell boxes are supported on glass insulators, which are 
made in two halves, the upper half being of a mushroom shape, 
while the lower half is provided with a groove into which a little 
resin oil is poured. The cells are erected in rows on wooden 
stands, consisting of pitch-pine beams running the length of the 
rows of cells, carried on pitch-pine crosspieoes, and, in the best 
practice, the crosspieces of the stands are supported by double 
porcelain insulators, similar in form to those under the cell boxes, 
but larger, so as to provide a double insulation from earth. The 
stands are constructed without the use of metal fastenings, and 
are well painted with acid-proof paint. 
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NOTES ON TELEPHONE EXCHANGE 
EQUIPMENT. 


By ALEX. J. GAYES (Durham Bursar, 1910), of London. 


— о eee 


Paper read оп roth Мау, 1012. 


Introduciion.—The large number of scientific discoveries and 
inventions connected with the early history of the telephone make 
very interesting reading, but the greater claims of the more 
modern aspect will permit of no more than a cursory glance at 
this. It is intended therefore to give but a brief outline of the 
development of the telephone, with a view to showing its present 
position, and in so doing it is hoped that a general insight тау 
be given of the result of the labour of the Telephone Engineer. 


That the community are ready to appreciate the advantages 
which accrue to the adoption of the telephone is evident from the 
rapid increase in the number of subscribers since its inception in 
this country. It is now only 33 years since the first telephone 
exchange was opened in London—the Coleman Street Exchange 
—with a total of eight subscribers. Soon after this, Мау, 1881, 
The National Telephone Company came into existence, being 
composed of several small companies united, and the Post Office 
which, even at that early date, held the monopoly for “ trans- 
mitting messages by electric signals," had several exchanges п 
operation within the next year. 


Central Exchange, London, is an excellent example of rapid 
development. This exchange was opened in 1902, with 200 
subscribers; by 1905 a total of over 14,000 subscribers 
were connected. This rapid increase continuing, by the end of 
1910, *he lines of more than 24,000 subscribers were controlled 
from that one centre—and this for only one division of the 
metropolitan area. The total for the whole of the metropolitan 
area in 1911 exceeded 200,000, but as figures of this nature are 
more interesting when placed on a comparative basis, attention 
is called to the following table :— 
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“Тһе principal towns and their development аге :— 


Year 1911. 
Post 
N T. Co. 5 TOTAL. 
i Municipal. 
London e als 131,808 71,398 203,126 
Glasgow ois pus 31,096 11,605 42,7011 
Liverpool—Birkenhead 29,119 — 29,119 
Manchester—Salford 25,627 — 25,627 
Birmingham am 15,314 -- 15,314 
Edinburgh—Leith  ... 12,505 -- 12,505 
Hull Gas 8,886 3,082 11,9681 
Bradford "T ЕТЕ 9,944 — 9,944 
Sheffield che а 9,640 — 9,640 
Leeds Не 7 9,684 — 9,634 
Newcastle—Gateshead 8,445 1,402 9,847 


(t Corrected figure.) 


Mileage of wire in British Isles (31st March), 1,927,766 of 
which 1,267,622 belongs to National Telephone Company, and 
660,144 to the Post Office. 


Development of Telephony.—An instrument invented by Philip 
Reis for the transmission of musical sounds was the first piece of 
electrical apparatus to be called a telephone. Modifications and 
improvements followed in rapid succession, many bearing the 
names of distinguished inventors, such as Bell and Edison. In 
Passing these, it is interesting to note that the original receiver 
had an electro-magnet, being in fact, almost identical in opera- 
tion with some of the latest receivers which have now made their 
re-appearance after conceding to the steel magnet tvpe for some 
30 years. 

The early telephones, many of which were operated over one 
wire, utilizing the earth as a return, had carbon transmitters of 
some form or other, in a local circuit supplied by a primary 
battery, this battery forming part of the equipment of each 
Instrument. An induction coil, one winding of which was in- 
cluded in the local battery circuit, supplied the current which 
represented the speech transmission over the line. In this way, 


* W. H. Gunston, in the National Telephone Journal, Dec., 1911. 
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by obtaining a suitable ratio of transformation of the induction 


coil, it was found possible to carry on conversation over lines of 
considerable resistance. 


The difficulty of transmitting a reliable calling signal 
over the comparatively high resistance lines was overcome 
by the introduction. of a small magneto generator in each 
subscriber’s instrument. These magnetos are still emploved 
in many modern systems. [t might be mentioned, therefore, that 
their function is to generate alternating current which can be 
readily transmitted over the line and caused either to actuate a 
specially designed bell, generaily called a ringer, on a subscriber's 
instrument, or to operate an indicator, on the face of the exchange 
switchboard. 

The principle of operation of many of the early switchboards is 
now quite obsolete, the turning point in their development being 
the introduction of the multiple method of wiring introduced by 
Mr. Scribner, in 1880. This multiple system is a method of 
wiring whereby each operator may reach any line in the exchange 
without undue exertion. It will be scen therefore that the advent 
of the multiple system meant terminating the lines of every 
subscriber in ‘‘ Jacks "' (as the springs, by means of which the 
temporary connections are made, are designated) as many times 
as the total number of operators in the exchange, is a multiple of 
three. The expense of this is considerable, but expectations have 
been fully justified, and although when first introduced, the 
range of the multiple was for four operators, the tendency of 
later vears has been to expand the principle, and multiples for 
less than three operators are now found necessary. As a result 
of this, in some of the large modern exchanges, it has been found 
that although the “© Jacks ” are on 3 in. centres, the multiple has 
become so large as to be beyond the reach of the operator. This 
difficulty has been overcome by the introduction of Transfer and 
Divided Multiple Systems. The simplest plan of doing this is to 
divide the switchhoard up into what are virtually two or more 
exchanges. When a call is received on one board for a sub- 
scriber whose line does not come within the reach of the answer- 
ing operator it is treated in much the same manner as a call for 
a distant exchange. The advantage of this system over two 
separate exchanges, lies in the economy effected due to centraliza- 
tion. 
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Returning to the consideration of the subscribers’ instruments, 
it will probably have been noticed that with the system mentioned 
so far, the amount of apparatus necessary on the subscriber’s 
premises, is considerable, and furthermore, the presence of local 
batteries on the distant end of every line causes maintenance 
expenses to be high. Many inventors exercised their energies 
in devising schemes whereby the local batteries could be dispensed 
with, and much ingenuity was displaved in this direction. The 
first systems of any practical importance, in which the whole of 
the energy for working was derived from one large ‘‘ common 
battery," made their appearance about 19 years ago. Since 
then, the various C.B. Systems, as they are called, have been 
rapidly replacing the Local Battery Systems, except under certain 
circumstances, such as occur in the colonies, where the distance 
from the exchange centre would tend to lower the efficiency of 
the C.B. system. 

The chief difficulty to be overcome, in order that a telephone 
system may be operated from one batterv, is to devise some means 
of preventing an excessive proportion of the undulating talking 
currents from passing through the battery itself, but at the same 
time the direct transmission of these currents, from end to end 
of the system, must not be unduly impeded. There are two 
principal methods of doing this, both of which rely on the retarda- 
tion of inductive windings for keeping the talking off the battery; 
hut whereas one method employs condensers for effecting the 
transmission, the other system makes use of the previously men- 
tioned inductive windings for the reproduction of the talking 
currents on the principle of a transformer. 


The subscribers’ sets generally used in this country, with either 
of the above-mentioned systems of transmission, are of the type 
introduced by the Western Electric Company, in the early days of 
common battery telephony. 


Although the connections of these sets are simple, the theory 
of their operation is somewhat complex.* It will suffice here to 
say that their efficiency depends to a great extent on the charge 
and discharge of the condenser assisting the currents induced in 
the induction coil. There is some attempt being made to adopt 
ыа ЕЕЕ: = ры 


(* See explanation by Мг. W. W. Dean, pp. 307, “ American Telephone 
Practice." Kempster B. Miller.) 
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a type of subscriber’s set which has no induction coil, this type 
having found favour with some of the American Companies, but 
the writer doubts whether the efficiency can be equal to that of 
the standard type. 


Modern Apparatus.—Space will not permit of more than a brief 
mention of some of the latest productions of the telephone 
apparatus engineer, but the general lines along which improve- 
ments are taking place, may be of interest. 


Fic. 1 —Hand Microtelephone, Fic. 2.—Metal Cased Receiver, 
showing capsule transmitter. showing internal ‘ unit ' construction. 


There seems to be a growing tendency to make the transmitter 
more durable and more hygienic. These results are attained by 
enclosing the carbon electrodes in a sealed metal capsule. 
(Fig. 1.) This capsule, besides possessing the advantage of 
being easily renewable, is admirably adapted for mounting ш 


special '' Hygienic °’ cases. The receivers also have been given 
much attention, the most modern, being of the unit type 
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designed to have a fixed air gap, which is independent of tempera- 
ture variations. (Fig. 2.) It is expected that this type of 
receiver, enclosed in a solid drawn brass shell, and finished 
externally with a special stoved enamel, will help considerably to 
reduce the maintenance breakage account. 


As regards the apparatus within the telephone exchange, this 
also has been developed along the lines of increased durability. 
The latest designs of jack and lamp mountings contain some 
excellent examples of accurate punch-press work, replacing frail 
and inflammable materials used in earlier designs. On this new 
apparatus, the original punched type of terminal, to which the 
connecting wires may be soldered, is still almost universally 
retained. Тһе ease with which these soldered connections can be 
made with the combined aid of electric soldering-irons and resin- 
cored solder, leave nothing further to be desired in this direction. 


Much of the signalling, which is necessary to ensure proper 
supervision of the connections on the switchboard, is now effected 
by means of small incandescent lamps controlled by relays. As 
will be realised on reference to telephone circuits, the function of 
these relays differ considerably. It is not surprising, therefore, to 
find many different patterns in existence. As regards the principle 
of their operation, the relays may be divided into two general 
types, one depending upon gravity for restoring the armature 
and the other depending upon a spring. The gravity controlled 
type form a sensitive and reliable relay where only one contact 
has to be made or broken ; but where two or more contacts have 
to be actuated, the spring control or '' cut-off ° pattern of relay 
is generally employed. Some idea of the efficiency attained will 
be apparent by consideration of the merits of a spring controlled 
relay recently designed by Mr. G. H. Nash. This relay, which 
has four outer contacts and two moving contacts, i.e., a double 
make and break, will operate satisfactorily, making good, firm 
contacts, when supplied with 0.004 of a watt. 


With relays, and in fact with most telephone apparatus, there 
is a growing tendency to employ enamel covered copper wire in 
place of the single silk covered wire previously used. Whatever 
the disadvantages of this enamelled wire may be, its advantages, 
as regards the efficient use of winding space, are certainly very 
real. 
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The writer would suggest that for certain apparatus, particu. 
larly where screw or clamped connections could be adopted, 
aluminium wire might be utilised for windings, with a resultant 
reduction in cost. The aluminium wire would of course be used 
bare, relying on either a natural or an artificially prepared coating 
of oxide for the turn to turn insulation. A wrapping of con- 
denser paper could be used between the layers were it found to 
be necessary. 

Whilst dealing with improvements in apparatus, the Mans- 
bridge Condenser must not be overlooked, but the writer would 
advise reference to the paper by Mr. Mansbridge for information 
on this subject.* 

The methods adopted to prevent damage to the exchange from 
outside currents are ingenious. Not only are enclosed fuses and 
lightning arresters fitted to every line requiring such protection, 
but a time-lag circuit breaker, or heat coil, is fitted. This pre- 
vents the passage of currents which, although within the capacity 
ef the fuse, might cause damage to the switchboard apparatus 
were they allowed to flow indefinitely. 

The fuses through which the battery is supplied are usually 
fitted with an alarm. This, in one particular model, is very 
efficiently and cheaply obtained by means of a coloured glass 
bead, which is displaced when the fuse blows. .Xt the same time 
a local contact is closed, which lights a lamp associated with the 
particular row of fuses in which the faulty one may be found. 
Needless to say an additional alarm, by way of a bell, can be 
brought into action if required. 

As previously mentioned, the successful operation of a C.B. 
svstem depends upon the ability of an inductance to shield the 
battery from the comparatively high frequency talking currents. 
The repeating coils as used on the Western Electric Company's 
standard svstem for this purpose, are the result of the application 
of much scientific and mathematical knowledge. The theory of 
their operation is somewhat involved,t and the writer doubts 
whether the connections sometimes employed are the most 
effective, * but even so, efficiencies of high order are now obtained 
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“Тһе Manufacture of Electrical Condensers.” Institute of Electrical Engineers, 
Vol. 41, pp. 534, 1908. 


1 National Telephone Journal, Vol. 4, pp. 168-184. 


+ Efficiency of speech reproduction is sometimes purposely sacrificed 
for more or less obscure reasons. 
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with coils of the toroidal form. It is thought that the increased 
attention now being given to the design and use of coils of this 
type for loading lines on the Pupin System, will ultimately result 
in a still greater efficiency being obtained. 

The modified ““ Stone System," as now being installed іп 
certan exchanges in this country by the Peel Conner Telephone 
Company, relies on the impedance of the winding of the super- 
visory relays for shielding the battery. This is an excellent 
system, and appears to be quite satisfactory. The writer would 
not be surprised to hear, however, that the supervisory relays on 
this system, reproduced the talking, so that a person listening 
near the relavs would actually overhear the conversation. 

In addition to repeating coils and relays, inductive windings, 
whose sole object is to impede the talking currents, are often 
employed in telephony. These are usually known as retardation 
cols. They are constructed in several types, ranging from the 
large, air-core, low resistence choke coils weighing several 
hundredweigrht, to the small, tubular, iron-clad coils of a thousand 
ohms resistance, arranged to mount on one inch centres. 

Judging from the wide variation in the form and size which 
retardation coils often assume, even when used under identical 
conditions, it would appear that their properties are not always 
employed to the best advantage. In this connection, it is interest- 
Ing to note that occasionally more effective retardation may be 
obtained by connecting the two windings of a double wound coil 
In opposition. The writer would suggest that this is due to the 
coils being. constructed with a complete magnetic circuit of soft 
iron. A consideration of the small magnetising forces available, 
coupled with the high magnetic retentivity of soft iron, will make 
the reasons for this suggestion apparent. It must be remem- 
bered, however, that with apparatus of this type, extraneous cir- 
cumstances, such as the liability to induce cross talk in neigh- 
bouring circuits, sometimes determine the method of connection 
even at the expense of the transmission efficiency. 


Circuits.—In notes covering so wide a subject as telephone 
exchange equipment, the operation of the ordinary exchange cir- 
cuits, although of fundamental importance, cannot be entered 
into in detail. Some of the most important of these have, how- 
ever, been drawn up in a schematic form. (Figs. 8-18.) These 
are attached to the notes in the hope that they may be of interest 
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to those not very intimate with telephony. In addition to these 
ordinary standard circuits, there are some special circuits now 
being introduced. These special circuits demand a little atten- 
tion, in view of certain advantages to Бе derived from their 
employment in exchanges serving busy areas. One of the cir- 
cuits referred to, is the line circuit with ancillary jacks and lamps. 
The method of working with these ancillary jacks has lately been 
explained through the medium of the daily Press. It will suffice, 
therefore, to say here, that each '' call ”” is caused to light three 
lamps, and thus to attract the attention of three operators. The 
smooth working of this scheme is secured by the arrangement oí 
the apparatus enabling the operators to give precedence to certain 
primary lamps, before turning their attention to auxiliary and 
subordinate lamps. 

An additional advantage to be derived from this system is that 
of being able to concentrate all the lines on to one-third of the 
total number of sections during the slack periods. The operators 
are thus able to give more prompt attention to calls received 
during these periods. 

Another circuit deserving special attention, is the Incoming 
Junction with Keyless Ringing. (Fig. 8.) Before dealing with 
this it may be advisable to consider for a minute the Machine 
Key Ringing System, which, although itself comparatively new, 
Is, on certain exchanges in the London area, already being con 
verted to the keyless system. 


This machine ringing, as it is often called, is automatic, in 59 
far as the only action required on the part of the operator is the 
depressing of the ringing button. The key is fitted with 3 
magnetic clutch, which locks it in the operated position, and se 
causes the subscriber's bell to ring intermittently until the clutch 
is released ; either by the called subscriber answering, or by ? 
special action of the operator in the event of there being по гері: 
Another feature of these keys, which are generally arranged № 
party line ringing, is that they are so constructed mechanically 
as to indicate to the operator which party оп that particular lint 
has been rung last. This enables the operator to ring a party 
line subscriber a second time without asking the caller to repeat 
the number. 

With the new circuits of the keyless type the same principle 
is employed as with the machine ringing key type, except that 
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the operator is relieved of all action as regards the ringing of the 
required subscriber. The application and control of the ringing 
current in these circuits is, as would be expected, effected by 
relays, in a similar manner to that of the numerous supervisory 
signals, which are necessary in a telephone system. 


A somewhat detailed description of the operation of this type 
of circuit, besides being interesting, will do much to indicate 
the extent of the care and attention these circuits must have 
received in the course of their development. It is with this 
excuse, therefore, that the following outline of the operation of 
a keyless incoming junction circuit from a C.B. exchange is 
given. (Fig. 8.) 

The subscriber calls the C.B. exchange operator by removing 
the receiver from the hook in the ordinary way. 


The operator, finding he desires a connection with, say, a 
Bootle subscriber, speaks over an order wire to the Bootle junction 
operator, giving the number of the subscriber required. 


The junction operator dssigns one of the unused incoming 
junction lines, which terminate in a plug on her board, to be used 
for the connection. Тһе subscriber’s operator at the first 
exchange plugs into the line assigned, which terminates in an 
outgoing junction multiple jack on her board. 

This puts battery on the sleeves of all the multiple jacks on this 
line, so they will now test busy to another operator in the same 
exchange. It will also pull up the 12000w relay causing the 
incoming junction cord lamp to light through 120w resistance to 
earth. 

The junction operator, seeing the light is made aware of the 
correct connection having been made at the other end. She 
tests the required subscriber in the multiple, and provided 
there is no busy click, makes the connection. 

Battery from the lamp now goes through the 83.5w relay to 
the sleeve, and to ground through the 80% cut-off relay of the 
called subscriber. 

This will cause the called subscriber to test ‘‘ busy " to any 
Operator on that exchange. It will also actuate the cut-off relay 
and the 83.5w relay. The actuation of the 83.5w relay causes 
the test to be removed and the tip connection made at this point. 

It also removes the 120w earth, and substitutes battery 
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through the “гіпріпр”” relay (45w) (and through the other 45» 
relay except that it is short circuited). 

This will actuate the ‘‘ ringing " relay and extinguish the 
lamp, but still feed the battery to the sleeve. 

The ringing current will now flow out on the cord until either 
the subscriber answers, or the sleeve is disconnected by with- 
drawing the plug. 

When the subscriber answers, he closes T. and R. with about 
70уу, and so causes the 200w relay in the ringing circuit to operate. 
This removes the short circuit from the 45w relay, and as it is 
now in series with the 45w ringing relay, it actuates. 

In doing this, it causes the battery to be applied to both sides 
of the 45w ringing relay, which at once falls back, and so cuts off 
the ringing. 

The 45w relay is now held up even though the 200w relay in 
the ringing circuit is allowed to fall back. 

Now there is a complete T. and R. connection which will operate 
the 70-80w relay, and so close the 27w winding on the 12000w 
relay ; thereby causing the supervisory relay in the distant 
(calling) exchange to operate. 

When the called subscriber hangs up his receiver, he breaks 
the T. апа К. connection, which allows the 70-30w relay to fall 
back. This, by removing the 27w winding, will give the clearing 
signal to the distant subscriber's operator, who, having received 
the “ clear '' from the originating subscriber, will break down 
the connection. | 

The 12000w relay will now release, and so break the battery 
connection to the 834w relay, except that through the lamp, which 
will now glow. 

The junction operator, seeing the lamp glowing, will pull down 


the connection. This breaks the sleeve circuit and so releases 
the 834w relay, which releases both the 45w and the 45w ringing 
relay. 


In this way all is restored to its normal condition ready to 
receive another call. 


General Equipment.—The street cables, on entering ап 
exchange, terminate on the main frame. This structure, which 
consists of a skeleton framework of strip iron, or more correctly 
mild steel, carries the various line protective devices arranged in 
vertical rows. The other side of the main frame carries either 
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fuses or connecting tabs, which are usually arranged in horizontal 
rows. 

It has been the practice of the National Telephone Company to 
connect the wires from outside on to the vertical strips, but the 
Post Office prefer to connect direct to the horizontal side, leaving 
the arresters on the vertical or switchboard side. The jumpers, 
as the cross-connecting leads are called, which run between the 
horizontal and vertical sides of the main frame, allow for the 
selection of the most suitable wires in the street cables. 

Between the main frame and the switchboard, an intermediate 
distributing frame is usually inserted. This frame, besides form- 
ing a convenient point for the tapping off of connections, allows 
for the lines being redistributed to equalise the operators’ loads. 


The Relay Rack and Meter Rack, which consists of angle iron 
supports designed to carry the mounting plates to which the 
relays or meters are fitted, are usually arranged alongside the 
Intermediate Distributing Frame, the whole forming one struc- 
ture. In this way the amount of cable required is reduced to a 
minimum. | 

Following American practice, most of the circuits and apparatus 
are collected and handled in groups of 10 or 20. Mounting plates 
of numerous types have therefore been designed to carry either 
10 or 20 pieces of apparatus. This, together with carefully 
thought out cable schemes, allows for a most orderly arrange- 
ment being made of what would otherwise be a hopeless con- 
fusion. The system employed goes further ; for with the aid of 
а colour code, which takes advantage of the colour given to the 
insulation of the wires, it allows for each individual piece of 
apparatus to be wired up without testing for the correct leads. 

The switchboard cables, as used inside the exchange, are 
usually designed so that one cable may have sufficient conductors 
to completely wire one mounting piece, with perhaps an extra 
pair as a spare. They consist of tinned copper conductors of 
24 mils. diameter, insulated with either a double layer of silk 
or a layer of silk and a layer of cotton, and twisted up into pairs 
with a 8 in. right hand lay. The cables are often formed of 
almost rectangular section, containing either 21, 42, 63, or 84 
wires, each one of which can be distinguished either by the colour 
of its insulation, or by the colour of the insulation of the lead 
with which it is paired in the cable. The conductors are pro- 
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tected from injury by a layer of lead tape, whilst a heavy braiding, 
served with a coating of grey flameproof paint, completes the 
outer covering. 


When connecting the various frames and the switchboard, the 
cables are carried overhead at а convenient height in 
iron cable racks (Fig. 21), but the main power supply leads are 
often drawn into conduit or laid in ducts below the floor. 

Passing through the various frames, the cables may be said to 
terminate on the board at which the operators are employed. In 
calling this the switchboard, it must not be confused with the 
power board, which will be mentioned later. Switchboards differ 
considerably in detail, but in general notes of this description, 
there is still much which can be said as applying to the majority əf 
boards. Here again, as with the apparatus, there has been a 
decided advance towards the minimising of fire risks. The sections 
(Fig. 17) are constructed of mild steel, and where possible, are 
enclosed by iron doors, interiors being sub-divided bv fire-proof 
panels of sheet fron or uralite. 

In many cases the amount of apparatus closelv associated 
with the switchboard, as on incoming junction lines for 
example, is very considerable; it is interesting to note the 
excellent manner adopted by the Post Office of mounting this 
gear on special apparatus racks. (Fig. 18.) These racks are 
located in a very accessible position at the rear of each section 
of the switchboard. (Fig. 16.) 

The coating of the plug shelf with leather to prevent damage 
and noise caused by the falling plugs, the perforated metal caps 
protecting the opals on the supervisory lamps, the keyshelf, 
sloping downwards from the operator, which is claimed to give 
greater comfort and increased area of jack-field, are all points 
which evince close attention to design. 

Some of the desks (Figs. 19-20) which are included in the 
equipment of an exchange, such as those provided for the 
Monitors, Supervisors, Chief Operators, Information Operators 
and the Wire Chief or Test Clerk, are well worthy of attention. 

The most interesting, from an electrical point of view, is the 
Test Clerk's Desk. Any lines which are reported as being faulty, 
can be put through to this desk via a ‘‘ Test and Plugging up" 
circuit. The operation of ‘‘ Plugging ир” a line on the switch- 
board causes a tone to be imposed upon the third conductor, or 
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test wire, of the subscriber. Then, should an operator attempt 
to connect to that subscriber, she is apprised of the faulty con- 
dition of the line by the special tone in her telephone. She may 
then report to the caller that the wanted line is faulty. The test 
clerk, having the faulty line at his disposal, may proceed to 
determine the nature, extent and location of the fault. For this 
purpose a special circuit is provided, which enables the above to 
be accomplished by the observation of the deflections on a double- 
scale voltmeter, consequent upon the manipulation of certain 
keys, some twenty of which are incorporated in this special 
circuit. 

Connected with the desks and the general supervision of the 
service, there are many other interesting circuits, amongst which 
may be mentioned :— 

(a) Information Lines. 

(b) Monitoring Circuits. 

(c) Service Observing Circuits. 

(d) Circuits for Intercepting Calls. 
(e) Instruction Circuit. 


But as the equipment of these special circuits vary with the size 
and nature of the exchange, it is considered sufficient to give here 
but a reference to their existence. | 
From the circuit diagrams accompanying these notes, it will 
be observed that the battery supplies most commonly used in 
exchange systems are of either 24, 36, or 40 volts potential, 
according to the type of exchange. Accumulator cells are usually 
relied upon for this supply, the cells being charged from motor 
generators taking current from public mains. The power circuit 
of the Glasgow '' Central," as shown іп Fig. 14, will serve as a 
typical example of this section of telephony, and seeing that the 
diagram is self explanatory, no further remarks are needed. 
Connected with the power plant there are, however, certain 
ringing machines and interrupters, which are rather interesting. 
The connections of these machines, as installed in Glasgow, are 
given in Fig. 15. It will be seen that two belt-driven ringing 
generators have been provided, one of which is connected to a 
40 volt direct-current motor, served from the common battery, 
whilst the other is driven by a 250 volt direct-current motor. On 
the armature shaft of each generator a divided ring is provided 
for the production of the positive and negative pulsations required 
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in the operation of party lines. Two high-speed tone-interrupters 
are also fitted to the shaft. The pitch of the note produced in 
one case is 400 and in the other 133 vibrations per second. The 
first mentioned is used for busy-back and plugging-up circuits, 
and the second for the trunk tone-test upon incoming junctions 
from the Trunk Exchange. A combination of the two tones will 
be used when a ‘‘ clear for trunk ” circuit is installed. Geared at 
right angles to each generator shaft, and rotating at a speed 
one-hundredth that of the generator armature, are a number of 
slow-speed interrupters. Those marked ‘‘ 1 second ring 2 seconds 
interval," are required for the machine ringing arrangements 
upon the junction board, and the others shown to the left of the 
armature shaft, provide for the flashing signals which are required 
in the ‘‘ busy back ” and ‘‘ clear for trunk ” circuits previously 
mentioned. 

Slow-speed interrupters are shown for No. 8 machine only. 
Machine 6, however, has similar attachments, and the two 7-bar 
double-throw switches determine which of the two machines shall 
be connected up for service. 


Latest | Developmenis.—The extreme rapidity with which 
improvements in telephony are superseded, render the choice of 
suitable subject matter under this heading somewhat difficult. Ап 
attempt will be made, however, to indicate the direction along 
which progress is particularly apparent. 

Considerable success having attended the introduction of 
automatic signalling for simple exchange systems, it has been 
found possible to extend this to allow for party line working. 
Sets are now constructed which, although allowing two parties 
to share one line, give to each the advantages associated with the 
ordinary C.B. instrument. That is to say, the exchange operator 
can ring either partv and also either party can call the exchange 
by lifting the receiver. What has previously been a disadvantage 
attached to these party line sets, t.e., the possibility of interrup- 
tion and overhearing, has now been overcome by the insertion of 
a lock-out relay actuated by the current which passes when either 
party is on the line. A visual signal is sometimes included in 
these sets, so that the subscriber may see that the line is dis 
engaged before troubling to call. Should he, however, purposely 
attempt to call, or to overhear, he would meet with no success 
the set remaining inert until the lock-out is released. 
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Speaking of party-line working, it is interesting to note that 
there has lately been introduced a special ‘‘ selector ’’ system. 
This system enables any one station out of some hundred and 
twenty stations on one line, to be selected and called. An appli- 
cation of this system will probably prove a serious rival to the 
telegraph for train despatching on railroads. 


Having attained automatic calling, automatic supervision, and 
with the previously mentioned keyless junctions, automatic ring- 
ing, naturally the next step has been to develop a system in 
which the necessary cross-connecting is automatically performed. 
This problem has already received much attention in America and 
inGermany. The systems of working referred to have been called 
in America ‘‘ Automatic Systems," and by this name they 
will probably continue to be known in this country, although, as 
mentioned in the discussion of Mr. W. Aitken’s paper,* a more 
appropriate name would be '' Machine Switching.”’ 


Strictly speaking, the discussion of these systems hardly comes 
within the scope of these notes, seeing that in England, as far as 
the writer is aware, there is as yet, no exchange open for public 
service, which is equipped with machine switching. That they 
have already been given a fair trial abroad will be evident from 
a glance at some of the figures published in. recent papers dealing 
with this subject. f | 


With the automatic or machine switching systems, each sub- 
scriber's instrument is fitted with a dial switch. The switch has 
finger holes near the circumference, into any one of which a finger 
can be placed, and the dial revolved until the finger comes against 
a stop. The act of revolving the dial clockwise in the manner 
described, coils up a spring which, when the dial is released, 
actuates an impulse sender. The speed of revolution of this 
impulse sender is controlled by a governor of the centrifugal type, 
the construction of the apparatus being such that the subscriber 
cannot force or accelerate the operation. The dial having returned 
to its normal position, the finger is inserted above the second 


* « Automatic есерде Exchange Systems." Ьу W. Aitken, Institute 
of Electrical Engineers, May, 1911. 


t“ Тһе Advance of Automatic Telephony," by Е. A. Laidlaw, A.M.1.E.E., 
read before the Telephone Society of London, Feb. 7th, 1912. 


t " Manual of the Telephone, W. Aitken, M.I.E.E. рр. 577. 
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figure of the number required and the operation repeated. Each 
figure of the required number is similarly dealt with. 

The apparatus at the exchange varies according to the 
size and nature of the equipment, but in general may be 
said to consist of line switches, selectors and connectors. 
The subscriber's line terminates on a line switch, the function 
of which is to connect the line through to a disengaged 
selector immediately the receiver is lifted. The selector, on 
receiving the impulses from the calling subscriber, picks out a 
connector containing the desired number. A further series of 
impulses from the caller then actuates the connector and causes 
the moving wipers to sweep over the bank of contacts until it 
finally comes to rest on the desired number. On a system dealing 
with numbers containing several figures, 15% 2nd and perhaps 
3rd selectors have to be inserted between the line switch and the 
connector. Thus it will be seen that the apparatus at the 
exchange is somewhat complicated. That it must necessarily be 
so will be evident upon consideration of the numerous functions to 
be performed in order to give the same facilities as are given on 
a manual exchange. Amongst these functions are such items as 
the selection of disengaged apparatus and lines to be used in 
making the connection ; the registration of effective calls, and the 
non-registration of ineffective calls ; the application of the busy 
tone to the caller, when the required subscriber's line is engaged ; 
the automatic control of the ringing. 

. It is not intended here to enter into the relative merits of any 
system, either of the standard manual switchboard type, or of 
the type just described, in which the subscribers have remote con- 
trol of mechanical switches, but it might be observed in passing 
that, other things being equal, the advantage would be with the 
automatic in a cosmopolitan city. 

In conclusion, I should like to express my indebtedness to the 
Editors of the “ Post Office Electrical Engineers’ Journal,” par- 
ticularly Mr. D. H. Kennedy, and to Mr. J. W. Turner, for 
data in connection with the Glasgow Central Exchange. 


I have also to thank the following firms for the loan of 
apparatus, lantern slides and blocks :— 
Automatic Telephone Manufacturing Co., Ltd. 
Peel Conner Telephone Works, Ltd. 
Western Electric Co., Ltd. 
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Discussion. 

The discussion was opened by Mr. W. B. Allcock, who said 
that there were two points raised in Mr. Gayes’ Paper on which 
he would like to say a few words. 

The first was with regard to the old type of bell receiver having 
adjustable pole-pieces. As far as he (the speaker) knew, it had 
never been the practice to make the pole-pieces adjustable, to 
enable the air-gap between the poles and the diaphragm to be 
increased or diminished at will. It might be interesting to those 
who were not familiar with telephone manufacture to know why 
the magnets of a receiver were fixed as near as possible to their 
free end. The object of this was to prevent a variation in the 
distance between the pole-piece and the diaphragm, owing to 
expansion of the outside case due to the heat of the hand. 

The first great step in this direction was introduced by Messrs. 
Ericsson, of Stockholm ; but in the more recent patterns intro- 
duced by the Western Electric Company the magnets are clamped 
in such a manner as to prevent any variation whatever, no matter 
how great the expansion of the outer case itself. 

The second point he would like to refer to was the proposal by 
Mr. Gayes to use bare aluminium wire for the windings on coils. 
The speaker did not think this would be possible for coils which 
required to have a great number of turns in a small space, such 
as the polarised ringer coil, as they would have to be largely 
increased in size if aluminium wire was used. 

Another great objection to the use of aluminium wire of fine 
sizes for coils was the impracticability of soldering the wire in the 
event of it breaking, which frequently happened during the process 
of winding on bobbins. For these reasons the speaker did not 
consider the use of bare aluminium wire for coils a practicable 
proposition. 

Mr. Harrison welcomed a Paper on telephony before the Insti- 
tution as showing that the contempt of the heavy-current engineer 
for his weak-current brother was passing away. There was no 
reason to despise the telephone man, as the transmission of some- 
thing less than 30 watts over some hundreds of miles, and the 
design of apparatus and lay-out of equipment, required engineer- 
ing ability of a high order. Moreover, this small-scale power 
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transmission had problems peculiar to itself. Taking the various 
elements in the chain linking two speakers together over a tele- 
phone line, they had first the transmitter. This was a variable 
resistance of carbon, and the amount of energy which could be 
put into this was strictly limited. No satisfactory substitute for 
carbon had yet been found. The induction coil, or transformer, 
had remained in the same state as in the earliest days of the art. 
It had very little iron, and high magnetic leakage. Any improve 
ments in the induction coil to make it a better transformer would 
lower the efficiency of the telephone circuit for speech transmis- 
sion, though some attempt might be made to improve the power 
factor, taking advantage of the fact that the natural period of a 
telephone transmitter is in the neighbourhood of 800 per second. 

The transmission-line question is complicated, as, due to 
variable frequency, its reactances vary from instant to instant 
during fractions of a single period. During the last few years 
we have learned to artificially adjust the line constants so as to 
ensure sufficient reduction in attenuation to obtain commercial 
speech over long distances, and it is now quite possible to predict 
the value of any line, or combination of lines, for speech-trans- 
mission purposes, thanks to the work of Heaviside, Pupin, Camp- 
bell and others. 

Turning to the Paper itself, he said he had not noticed any cases 
of impedance coils in the Stone cord-circuit talking. 

The telephone in America has almost entirely displaced the tele- 
graph for train despatching. It could not find the same applica- 
tion here, as by the 1889 Act for the Regulation of Railways, the 
Block System is compulsory. Further, the conditions in America, 
which make the ''train order’’ system practically the only 
economic and possible one, do not exist in this country. 

The author of the Paper seemed to consider that the manually 
worked exchange had reached finality, and that the next and 
natural step was to full automatic working. The speaker did not 
agree, and suggested that automatic metering had yet to be 
arranged for. He mentioned an exchange equipment at Tunis, 
described in the '' Annales des Postes, Télégraphes et Tele- 
phones ”” for March, 1912, in which individual and position meters. 
were automatically actuated. 
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The explanation in the Paper of the line switch in full automatic 
telephony, while correct, was not extended enough. The inter- 
position of this simple and inexpensive mechanism enabled the 
relatively expensive connecting mechanism to be provided on a 
percentage basis. 

Mr. G. H. Nash congratulated Mr. Gayes on the able manner 
in which he had tackled a tremendously big subject ; he would 
not attempt to criticise it, as it was almost a superhuman task to 
write a Paper concerning nearly the whole field of telephony and 
to do justice to the subject and himself, especially when it is con- 
sidered that each phase and detail of the various apparatus had 
already been the subject of many discussions and Papers, but 
would rather make a few comments, more in the nature of an 
addition. Before doing so, however, he felt that he must say a 
few words with reference to the last speaker’s remarks in defence 
of the much-abused telephone operators. It was true that it was 
conceivably possible for operators to press the meter key, and so 
add on calls, but the supervision was so good and the motive so 
obscure that it was practically unknown ; each supervisor had her- 
self once been an operator, and was well aware of the temptation, 
and was therefore the more able to guard against it. 

Referring to Mr. Gayes’ mention of party-line lock-out systems, 
Mr. Nash pointed out the traffic objection to these systems, 
because, whilst the telephone usually was considered a splendid 
emergency alarm in case of fire, burglars, doctor or other mis- 
fortune, the party-line lock-out set might be useless, because the 
other member of the party might be at that psychological moment 
using the line, and the set thus rendered useless. He thought 
they would be likely to become things of the past. 

Referring to the previous speaker's remarks on automatic 
metering, he said that the ideal system had not been invented. 
The Traffic Engineers had formulated their requirements, but all 
the skill of the telephone engineer had so far not been equal to 
meeting them. Тһе problem was deeper than it appeared to those 
So situated as to not be in the closest touch with it in all its phases. 

The subject of Train Despatching had been mentioned, and it 
was agreed that a very large percentage of the railway traffic of 
America was carried out by this means. Mr. Nash himself 
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observed the operating of the train despatching on the Pennsyl 
vanian Railway last year. He gave the English railway engineers 
credit for a spirit of progression, and believed that if there were 
any advantages to be found in the system, they would not be slow 
to adopt them. He believed that parties of engineers had already 
been sent over to America by the railways in order to inquire 
into the system. He had reason for knowing that at the moment 
the railway engineers were taking lively interest in it. Whilst 
he was familiar with the system, he thought it would be unwise 
to offer any remarks as to its suitability, rather leaving this to 
the judgment of the railway engineers after they had investigated 
the matter. 


The last speaker had very wisely declined to refer to automatics ; 
he would, however, venture a little. He criticised Mr. Gayes 
because, rightly or wrongly, he had, from the Paper, certainly 
gained the impression that there was only one system of auto- 
matic telephony, whereas there were indeed many. Two splendid 
Papers on different systems had already been given in that hall, 
and he presumed they would be neither the last Papers nor the 
last systems to be heard of in that place. Mr. Gayes had only 
mentioned full automatic systems ; there was an intermediate step 
known as semi-automatic, which aimed at retaining operators, but 
so increasing the capacity of the operator to handle calls by giving 
her automatic machinery that the number of operators required 
would be very considerably reduced and the speed of connection 
per individual line greatly increased. He thought this latter 
system would also be found in the future. 


Mr. G. C. Allingham remarked that one of the two instruments 
illustrated as examples of modern apparatus was a hand-combina- 
tion set, and suggested that, inasmuch as this type of instrument 
was unsuited for C.B. working, which was, he gathered, now 
becoming more or less standard practice, it could hardly be 
regarded as a typical example of an up-to-date instrument. 


With regard to the statement in the Paper that the C. B. system 
was not used in the Colonies, where the subscribers’ lines were 
very long, the speaker asked whether the C.B. system was as 
efficient as the local-battery system in country places in England, 
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where the exchange areas would be moderately large, or whether 
the C.B. system was only efficient in dense town areas, where 
the subscribers’ lines would be extremely short. 


The author had referred to the possible disadvantages (whatever 
they might be) of enamelled wire. Its advantages were obvious 
enough, and as wire of this class was coming into extensive use 
for many other purposes besides winding telephone coils, it would 
be valuable to know what drawbacks, if any, there were to set off 
against the obvious advantages it possessed. 


Mr. W. C. Wedekind, in referring to the subject of Automatic 
Telephone Exchanges, thought it might interest the meeting to 
hear what was being done in that direction on the Continent. He 
had been collaborating with a Mr. Hildebrand during the last two 
years in the perfection of a new system, the object of which is to 
enable telephone subscribers to establish connection with any other 
subscriber themselves without the intervention of any third party. 
The Hildebrand system is based on the principle of direct connec- 
tion, whilst other systems are generally based on the group system. 
In the latter case, if one member of such a group is connected with 
another subscriber, a considerable number of subscribers who wish 
to telephone or to whom other parties wish to speak, are cut off. 
The direct-connection system is applied to small exchanges of 
which the subscribers make considerable use of the telephone, so 
that they will be able to do so at all times without interruption. 
In the case of larger exchanges, which includes subscribers who 
only occasionally make use of the telephone, a system of grouping 
Is applied, so that subscribers who frequently use the telephone 
will have their own switch apparatus at the exchange, whilst five 
to ten of the other subscribers will be connected to one such 
apparatus. А third type is the so-called Company connection, in 
Which case all the instruments in one building are connected to a 
subsidiary exchange in the building itself, and are connected by 
means of one pair of wires to the main exchange. By this means 
considerable economy is effected in the wiring. By forming groups 
of ten among the instruments in such building, and connecting 
them to one switch at the local exchange, delay will be avoided. 

The system itself consists of the following :— 
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Firstly: The transmitter with mico-telephone and bell at the 
calling station. 

Secondly : (a) In the case of direct connection, a separate switch 

apparatus for each subscriber ; 

(b) In the case of groups, of one secondary apparatus and 
the main switch apparatus ; 

(с) In the case of Company connections, of a subsidiary 
exchange and main switch apparatus. 

All of these types are carried out on the central-battery system. 
There is a fourth type for the use of organisations such as police, 
fire brigade, military and large industrial concerns, etc. By this 
system one official can place himself into communication with any 
number of subordinates, so as to convey the same message simul- 
taneously to all. 

A great advantage of the Hildebrand system is that, in the event 
of one subscriber wishing to ring up another who at the time 
being is speaking to a third subscriber, which fact is at once 
notified to the first subscriber by the appearanoe of a disc, 
“ Engaged,” his call need not be interrupted to be repeated later, 
but immediately the conversation which is being carried on between 
the two other subscribers terminates, the first subscriber is auto- 
matically at once connected with the one whom he wished to ring 
up. By these means the establishment of connections is very con- 
siderably accelerated, as no time is lost in waiting until a con- 
versation is finished, with a possibility of finding the line once 
more engaged when a second attempt is made. It will be seen, 
therefore, that this system is really an automatic system, and not 
merely a system of machine switching. 

The operation of ringing up a subscriber is extremely simple. 
The apparatus is fitted with a circular scale, divided into from 1 to 
100. In the centre of the disc there is a crank with a pointer, 
provided with a pin which fits into a corresponding hole in the 
numbers. In the case of a number of one or two figures, the 
indicator is shifted to such number. The crank is then also moved 
round to the same position, and by the movement, to the extent 
of one-quarter revolution, of a second small crank the apparatus 
js put into motion, and the connection is automatically established. 
If the number to be rung up consists of three, four, five or six 
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figures, the manipulation has to be repeated for each two figures ; 
so that, in the case of a number of five or six figures, the adjust- 
ment requires three manipulations. If the subscriber rung up be 
disengaged, this fact is notified by the appearance of a disc, 
" Free," and the bell rings. Тһе subscriber at the other end is 
called by a more protracted bell signal. As previously stated, 
should the line be already engaged, this fact is made known to 
the person ringing up, who, however, is at once automatically 
connected the moment the conversation being carried on has termi- 
nated. The connection is interrupted as soon as the receiver is 
hung up. According to the number of the subscriber, the connec- 
tion is established in 7 to 20 seconds. 

The advantages of the above system, as compared with the 
present system of exchanges worked by hand, as also other auto- 
matic systems, are :— 

Firstly : The greatest possible variety of means of connection. 

Secondly : Rapidity in establishing connection. 

Thirdly : The avoidance of misunderstanding caused by inter- 
vention of exchange operators. 

Fourthly : Economy of the whole of the present employees at 
exchanges. 

Fifthly : Economy in the cost of plant. 

Sixthly : Economy of space occupied. 

Seventhly : The system also admits of the automatic registering 
of calls. 

Mr. Stuart Jones said he doubted whether he was justified in 
speaking, seeing that technically he was not an engineer. His 
duties on the traffic side of the telephone business caused him 
frequently to lay difficult equipment problems before the engineers, 
and he paid a high tribute to the manner in which they solved 
these problems. He had listened with very great pleasure to Mr. 
Gayes' lecture. It covered admirably a field in the telephone 
business with which traffic men had none too many opportunities 
of becoming acquainted. He felt that he ought to say that he 
resented the suggestion of a previous speaker that telephone 
operators, in order to '' get even " with subscribers with whom 
they had had some quarrel, registered on the subscribers’ meters 
calls which the subscribers never had. Admitting the physical 
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possibility of such an act, he could not imagine a more unsatis- 
factory kind of revenge. The essence of an act of revenge lay in 
making the enemy feel it, and he could not imagine that any 
operator would go to the trouble of registering false calls when 
she knew that the subscriber would remain in ignorance of the 
fact. In all his experience he had never heard of such an act. 


Author's Reply to Discussion. 


Mr. Alex. Gayes, in reply to the discussion, said that Mr. 
Allcock questioned the statement concerning the design of the 
early receivers, in reply to this, he would say that the early 
designers certainly did aim at making the air-gap adjustable. The 
Bell receiver, Gower receiver, aad in fact the early Ericsson 
receiver referred to by Mr. Allcock, had, all of them, some form 
of screw thread gear, by means of which the air gap could be 
adjusted. It was interesting to note that a popular type of receiver 
which was almost in universal use, prior to the arrival of the 
unit type, nad this screw thread gear. In this case, however, 
they were not adjustable, as the pole pieces were '' pinned ”’ in 
the course of their manufacture, at the most efficient position as 
determined by the makers. 

With regard to expansion troubles due to temperature varia- 
tions, the author said he had referred to that in the paper, where 
mention was made that the unit type construction obviated those 
difficulties. The method by which this is achieved is obvious and 
needs no further explanation. | 

Replving to the criticism as to the possible introduction of 
aluminium wire, Mr. Allcock, perhaps, omitted to note that the 
figures given in the paper showed that the aluminium wire would 
occupy no more space than the usual single silk covered wire. 
This would be more evident when consideration was given to the 
very poor space-factor obtained with the small silk covered wire 
under consideration. 

The other point raised by this speaker as to the difficulty of 
repairing the breakages which are sure to occur on winding, was 
certainly an objection. Recourse would have to be made to some 
of the patented processes for welding or joining aluminium. The 
author understood also that the physical and mechanical proper- 
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ties of aluminium are more or less variable. These points would 
need to be fully investigated with special reference to fine wires. 

Mr. Harrison does not appear to have heard of the relays (which 
in the circuits mentioned, perform the functions of the impedance 
coils) of the Stone cord-circuit talking, and in reply to that, the 
author said that, given the conditions when the relay carries just 
sufficient current to hold the armature against the contact springs, 
but not against the stop, there was no reason why the armature 
should not follow any variations in flux which might take place 
in the relay core. However slight this variation in flux may be, 
the armature would emit a corresponding sound. In support of 
this theory the author said that some time ago he succeeded in 
getting a relay to '' talk’’ when subjected to conditions similar 
to those mentioned above. 


Mr. Nash would have liked to have seen some mention made of 
other automatic and semi-automatic systems in addition to the 
particular one chosen, and he (Mr. Gayes) agreed with Mr. Nash, 
that there were certainly many automatic or semi-automatic 
Systems which could have been mentioned, and so are there also 
many manual systems, both local battery and C.B., which could 
have been mentioned, but, being subject to obvious limitations, 
it was considered better policy to deal with only two of the 
manual systems and one of the automatic. The author thanked 
Mr. Nash for reminding him that the dial switch is more or less 
peculiar to the system described in the paper ; and for his (Mr. 
Nash) remarks regarding the subscribers’ instrument, which 
allows for the called number to be read from the setting of the 
instrument. 

Replying to Mr. Allingham, the hand-combination shown was by 
no means obsolete. Hand sets of this type were in great demand 
lor the colonies and places where local battery systems were in 
vogue. It was true that, as at present constructed, they were not 
suitable for C. B. working, and it was probably for this reason that 
they had been withdrawn from subscribers in the C.B. areas. 
There was no doubt, however, that the difficulties would shortly be 
overcome, and then the general convenience of this type of instru- 
ment would cause it to be eagerly sought after by telephone sub- 
scribers. 

Mr. Allingham’s question, concerning the relative efficiency of 
the local battery and C.B. systems, raised a point of considerable 
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interest. Mr. Allingham was right when he spoke of the C.B. 
falling off in transmission efficiency when the subscribers’ fines 
were long, but the exact point at which it was desirable to change 
from one system to another, involved consideration of items other 
than transmission efficiency. By way of giving some idea of the 
limiting distance, the author said that for C.B. working, there 
should not be more than 12 miles of standard underground cable 
between the subscriber and his local exchange. It would, of course, 
be understood that the actual distance could easily be double this 
figure; according to the electrical properties of the line. 

In reply to Mr. Allingham’s request for more information con- 
cerning the possible disadvantages of enamelled wire referred to 
in the paper, the author said he could only quote those which he 
had heard mentioned from time to time. The most important was 
the question of durability. — This may be said to include such 
properties as flexibility, and the power of withstanding tempera- 
ture changes. The trouble experienced due to the expansion and 
contraction of the windings, with its consequent effect on the very 
thin layers of enamel, might be specially mentioned as one of the 
drawbacks. 
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JUNIOR 


INSTITUTION OF ENGINEERS 


(INCORPORATED). 
President - COMMENDATORE G. MARCONI, D.Sc., LL.D. 
President-elect - - - - Sir А. TREVOR DAWSON. 
Chairman - - - - WALTER T. DUNN, F.C.I.S. 
JULY, 1912. 
Day of the 
Month.! Week. EvENTS. 
1 M. | British Archeological Association, Congress at Gloucester. 
2 Tu. | The Faraday Society, Annual General Meeting. 
8 W. | Institution of Municipal Engineers, Meeting at Peterboro'. 
4 Th. 
5 F. | Finance Committee, 7 p.m. 
Royal Sanitary Institute, Meeting at Torquay. 
6 S. | Institution of Municipal and County Engineers, Meeting at 
Stourbridge. 
Association of Engineers-in-Charge, Meeting at St. Bride's 
Institute. 
Association of Managers of Sewage Disposal Works, Annual 
General Meeting at Wolverhampton. 
7 | 6. 
8 M. 
9 Tu. 
10 W. 
11 Th. | Membership Committee, 6.30; Medal Adjudication Com- 
mittee, 7.30; Council Meeting, 8 
Institute of Municipal and County Engineers, Annual Meeting. 
12 F. | Visit the Works of the Marconi Wireless Telegraph Company, 
Ltd., at Chelmsford, and Presidential Address. 
Extraordinary General Meeting, 39 Victoria Street, 7.30. 
13 S. | Institute of Municipal Engineers, Meeting at Clitheroe. 
Sanitary Inspectors' Association, Meeting at Paignton. 
14 б. 
15 М. 
16 Та. | Royal Automobile Club, Brooklands. 
17 W. 
18 Th. 
ы F. | Publications Committee, 7 p.m. 
0 S. 
21 | 6. 
22 M. 
23 Tu. 
24 W. 
25 Th. | Royal Institution of Public Health, Congress in Berlin. 
26 F. 
27 S. | Visit to Chingford Reservoir. 
Sanitary Inspectors' Association, Meeting at South Shields. 
в | 5. 
29 М. | Royal Sanitary Institute, Congress at York. 
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Fripay Morninc, 12TH Juty.—Visit to the works of the 
Marconi Wireless Telegraph Company at Chelmsford, and the 
Presidential Address. The party will leave Liverpool Street 
Station at 10.55 a.m., arriving Chelmsford at 11.53 a.m. 
Luncheon on arrival by kind invitation of the Marconi Wireless 
Telegraph Company, followed by the Presidential Address by 
Mr. Marconi, after which an inspection of all the departments of 
the works will be made, under the guidance of Mr. Marconi and 
the officials of the Company. The party will return by the 
5.55 p.m. train from Chelmsford, arriving at Liverpool Street at 
6.42 p.m. Special excursion rate, return ticket, 4s. The invita- 
tion is extended to ladies on this occasion. 

Members desiring to be present are requested to send their 
names, accompanied by remittance for railway tickets, to the 
Secretary not later than Tuesday, 9th July. 


On SATURDAY AFTERNOON, 27TH JULY, at 3 p.m., a visit to the 
Chingford Reservoir and Pumping Station (Humphrey Gas Pump) 
of the Metropolitan Water Board will take place, by permission 
of Mr. William B. Bryan, M.Inst.C. E. (Past-President, J.I.E.), 
Chief Engineer to the Board. Train leaves Liverpool Street 
Station (G. E. R., East Side Suburban Platform) at 1.39 p.m. for 
Enfield Lock. Return trains: Enfield Lock, 5.18 p.m. ; Angel 
Road, 5.28 p.m., arriving Liverpool Street at 5.53 p. m. Members 
intending to be present are requested to notify the Secretary not 
later than Wednesday, 24th July. Members obtain their own 
railway tickets. 


4th Jafy, 1912. 


Membership. 

The following are the names of candidates approved by the 
Council for admission to the Institution. If no objection to their 
election be received within seven days of the present date, they 
will be considered duly elected in conformity with Article 10. 


Proposed for election to the class of " Member ” :— 

GoopacrE, ERNEST JOHN: Rising Sun Petroleum Company, 
Yokohama, Japan. 

ба Maurice: 18 Old Square, Lincoln's Inn, 

MorGan, FREDERICK ROBERT: Oudh and Rohilkhund Railway, 
Sitapur, India. 

SMITH, ADAM HuMBERSTONE: Leto Photo Materials Company 
(1905), Ltd., Leto Works, Edgware. 


Proposed for election to the class of “ Associate” :— 


Mitts, Суки, ViNcENT: Railway and General Engineering 
Company, Midland Engineering Works, Nottingham. 


Durham Bursary. 

Intending candidates are reminded that theses must be 
delivered to the Secretary not later than the Ist August. Candi- 
Bc must be over 20, but not more than 23 years of age on that 

ate. 
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THE OPTICAL The Optical Convention and Exhibition of 
CONVENTION, 1912. Optical and Allied Instruments which has just 
taken place, and for which the writer had the honour of acting 
as Secretary to the Executive Committee, will be regarded as of 
some interest to Junior Engineers, if only from the fact that two 
of their Past-Presidents occupied the offices of President and 
Honorary Treasurer respectively, Dr. Silvanus P. Thompson, 
F.R.S., serving in the former capacity, and the Rt. Hon. Lord 
Justice Fletcher Moulton, P.C., F.R.S., in the latter. The Con- 
vention programme of papers and collection of exhibits, however, 
contained features of special interest, one might almost say, to 
every branch of engineering represented in our membership—naval, 
military, civil, mechanical, gas, electrical, mining, metallurgical, 
marine, sanitary, ventilating, printing, etc. Those engaged in the 
allied professions of surveying, architecture, astronomy, micro- 
scopy, etc., were also well considered. 

The authorities of the Imperial College of Science and Tech- 
nology kindly placed at the disposal of the Executive Committee 
of the Convention the large Physics Lecture Theatre, in which 
Dr. Thompson delivered his Presidential Address on Wednesday 
evening, 19th June. Here the papers were read and discussed 
from day to day ; the small Physics Theatre was also available for 
Monday, 24th June, when two meetings were required to be 
held simultaneously. For the two public lectures which were 
delivered, the large Metallurgical Theatre of the old College of 
Science, conveniently situated opposite the entrance of the Con- 
vention Exhibition, was found to be admirably adapted. 

Possibly the most important factor which contributed to the 
success of the Convention was the permission accorded by the 
Board of Education enabling the Exhibition to be housed in 
the Southern Galleries of the Science Museum, with entrance from 
Exhibition Road. It may be stated here that a Departmental Com- 
mittee upon this Museum reported last year that, if suitable accom- 
modation were available, the Museum might afford valuable service 
by occasionally exhibiting temporary collections illustrating 
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particular advances in science or developments in inventions 
in specific industries, or in groups of industries. Mr. C. P. 
Trevelyan, M.P., Parliamentary Secretary to the Board of Educa- 
tion, when addressing the members at the opening of the Con- 
vention, expressed the hope that it would be possible in the 
rebuilding scheme now developing to arrange for the accommoda- 
tion of such exhibitions from time to time as a permanent feature 
of the Board's work. 

The organisation of the Convention was divided into the follow- 
ing sections :—(1) Meetings for the reading and discussion of 
papers ; (2) the delivery of two public lectures ; (3) visits to works, 
etc. ; (4) an exhibition of a collection of instruments restricted to 
British manufacturers ; and (5) a collection of loan exhibits, in 
which might be included optical and allied instruments and 
apparatus of foreign origin. 

Section 1 was dealt with by obtaining the co-operation of 
the Royal Photographic Society, the Physical Society, the 
Optical Society and the Royal Astronomical Society, each of 
which held a meeting during the Convention, which, it 
was arranged, should be presided over by their respective 
Presidents—Mr. Chapman Jones, F.I.C., F.C.S., Professor 
Schuster, Ph.D., F.R.S., Sir David Gill, K.C.B., F.R.S., 
and the Astronomer Royal, Mr. F. W. Dyson, F.R.S., 
At these meetings the communications, which had been secured 
for the Convention by the Papers Committee, with Mr. S. D. 
Chalmers, M.A., as Hon. Secretary, were discussed, each paper 
being presented to that Society the members of which were con- 
sidered most competent to express opinions on the subjects intro- 
duced. By this means practically the whole range of optical 
research work was brought under review during the course of the 
week's proceedings. 

For the two public lectures the Papers Committee were fortunate 
in obtaining Professor James Stirling, M.D., F.R.S., to deliver 
one on '' Optical Illusions " ; the other was given by Professor 
Н. Н. Turner, D.Sc., F.R.S., who took for his topic ‘‘ The Great 
American Observatories.” 

The President's Address, the papers and discussions, and the 
lectures will in due course be published in the form of a bound 
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volume, obtainable from The Electrician Printing and Publishing 
Company, 1 Salisbury Court, Fleet Street, E.C. 

In regard to visits to works, etc., the privilege of a visit to 
Greenwich Observatory by invitation of the Astronomer Royal, 
and to the National Physical Laboratory by invitation of the 
Director, Dr. R. T. Glazebrook, C.B., F.R.S., were extended ; 
and, by the courtesy of a number of optical manufacturers and 
others in the London area, their works were thrown open to the 
inspection of the members, which, by the way, it may be convenient 
here to remark, numbered at the close of the Convention 335. 

Coming now to the Exhibition section, quite a representative 
collection was brought together, nearly all the principal British 
makers of optical and allied instruments joining, with the result 
that so much space was needed that the Committee had to reduce 
the width of the passageways in order to provide the required area 
in the restricted galleries placed at their disposal by the Board of 
Education. The effective display of the valuable and interesting 
exhibits was also thus impaired, and the progress of circulation of 
visitors retarded. It would be invidious to make mention of any 
particular firm where all had done so well, but in every exhibition 
there must always be certain features which at once attract the 
attention of the visitor and impress his mind. This must be said 
in reference to the exhibit of Messrs. R. & J. Beck, who showed 
in operation the processes of lens grinding, and a fine collection 
exemplifying the various types of instruments which they produce. 
Messrs. Negretti & Zambra, Casella & Co., Chance Bros., 
Willmotts, Alexander Wright & Co., the South Metropolitan Gas 
Company, the Westminster Engineering Company, the Union 
Electric Company, the Cambridge Scientific Instrument Company, 
and Messrs. Aldis Bros. (of Birmingham) were other notable 
exhibitors. The latter, to demonstrate their submarine optical 
level, had rigged up a canvas hood, under which the observer 
imagined he was on '' the starting platform,” with the wheel at 
his right hand. The sensation of the rolling of the vessel was 
produced by oscillating the hood from side to side, and the angle 
of roll was indicated by the optical level. 

In the loan collection the optophone, the invention of Mr. 
Fournier d'Albe, of Birmingham University, easily took the first 
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place in point of attractiveness. ‘‘ Seeing with the Ears,’’ ““ Hear- 
ing Light," ‘‘ Making Light Audible " were amongst the head- 
lines used by the public press man in his report of it, from which 
it will be understood that the instrument is for the benefit of the 
blind. Mr. Fournier, assisted by his wife, has worked for three 
years in Dublin and Birmingham in perfecting his invention, both 
moved by a solicitous desire to help those who live “ав in the 
land of darkness, yet in light." The present device consists of 
a rectangular lightly constructed wooden box, about 12 in. long by 
4 in. square, with wires connected to a small electric battery, and 
terminating in a pair of receivers for attachment to the ears, some- 
what resembling a telephone operator's receiver. The operation 
of the instrument is due to the effect of light on the metal selenium 
which is contained in the box. So long as the light continues 
to act upon it, the fact is rendered audible ; on the instrument being 
moved and presented to an intercepting obstruction, the sound 
ceases. By this means it is possible for a blind person to ''hear 
where he may be going." The demonstration, conducted by Mr. 
Fournier with the assistance of a gentleman, quite blind, who had 
come to the Exhibition to learn all he could of this remarkable 
invention in the hope of finding it to be of practical utility to him- 
self, was perfectly successful, and convinced many who, until then, 
had been incredulous. Needless to say, Mr. and Mrs. Fournier 
intend to continue their work, which they believe will ultimately 
result in the production of an appliance of the highest possible 
value to those whose welfare they have so much at heart. That 
they may soon achieve their object the writer is sure will be the 
sincere wish of every Junior. 

Amongst other exhibits in the loan collection calling for notice 
may be mentioned the apparatus in the Isaac Newton Room, fitted 
up at the expense of the Spectacle Workers’ Company, under the 
direction of Dr. Thompson. Several of Newton’s classic experi- 
ments were thereby reproduced, a powerful arc lamp being substi- 
tuted for old Sol, which the great philosopher employed. 

The Optical Illusions Room contained some flagrant examples 
of the way in which our eyes deceive us, the models used by Pro- 
fessor Stirling in his lecture already alluded to being included, 
proving incontestably that one really cannot believe one's eyes, 
and settling the query on that point. 
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Professors Thompson and Coker’s now well-known polariscope | 
for optically demonstrating the stress in metals had many 
interested observers during the course of the Exhibition. The 
War Office lent a set of Instruments used for Army purposes. 
There were several valuable collections of antique spectacles 
shown. The President sent many of the old books and documents 
bearing on the science of optics, which he had gathered during the 
pursuit of what is evidently one of his favourite and most beloved 
studies ; he also contributed a number of interesting objects relating 
to optics and exhibited a collection of prismatic subjects. 

Reference must now be made to the Exhibition Catalogue, pro- 
duced under the supervision of a Committee of which Mr. E. H. 
Rayner was the Chairman and Dr. T. Martin Lowry Honorary 
Seoretary. On the former, however, the brunt of the work fell, 
and right well was it done. Extending to upwards of 400 quarto 
demy pages, and fully illustrated, the catalogue will prove a 
valuable work of reference. At the concluding meeting of the 
Convention the proposal to publish a French translation in abstract 
form was favourably received, and will probably be carried out. 

Obviously, in the preparation and carrying through of such a 
Convention and Exhibition a great deal of hard work must neces- 
sarily devolve upon the Honorary Secretary. Mr. J. W. Gordon, 
who has filled that position for a long period, was at the close 
of the Convention invited to dinner by the members and the 
exhibitors, so that a suitable opportunity might be afforded them 
of expressing their high appreciation of his many services whereby 
everything had been brought to so successful an issue. Lord 
Justice Fletcher Moulton occupied the chair, and made one of his 
invariably happy speeches in proposing the health of the guest 
of the evening. The menu card prepared for the occasion was so 
original in its character that the writer has obtained permission for 
its reproduction, on a reduced scale, to accompany this article. 
Incidentally, it should be stated that its general conception was 
due to Mr. Achille Bazire, who might well be designated '' The 
Welcome Committee of the Convention,"" and is known to some 
of us as an extremely useful (though, unfortunately, not often 
apparent) member of the Junior Institution of Engineers. 

WALTER Т. DUNN. 
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Members will note that on the first page of this month’s Journal 
an ‘‘ Engineers’ Monthly Calendar "' has been published, and such 
. a calendar will be included in each future issue, giving the engi- 
neering events which will be held during the ensuing month. The 
Council will be pleased to have for consideration any suggestions 
for further improvements in the Journal which members may care 
to make. 


* ж ж * * ж 


_ [tis felt that the ‘‘ Notes and Queries ” section of the Journal 

is not utilised by members to the extent that it might be. It is 
well known that there are times when young members, who have, 
perhaps, some particular problem to solve or some difficulty to 
overcome in connection with their work, would gladly avail them- 
selves of the experience and advice of some older member, and it 
is thought that it should be more generally understood that the 
“ Notes and Queries ” section provides means by which this сап 
be obtained. 


* ж ж ж ж ж 


Members will be interested to learn that in connection with the 
method of heating by flameless surface combustion, which was 
briefly described in the “ Observations in General ” in the June 
Journal, aluminium has been melted most successfully in the 
apparatus illustrated below. 


1 Lead at 15%. 


at N. T. P | 

1 Heated to ЗАГС. 

CaL. Val. of Cas | «116 Lbe. per Bp 
= 559 B.Th 07 per 


Cub.F* Net 
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This apparatus consists of an iron tank, lagged outside with 
asbestos, whilst inside is a 3-in. tube stopped at the bottom with 
a fire-clay plug, on which rests a column of refractory material. 
A #-in. hole in the plug admits the supply of gas and air, which 
is fed in through the down tube on the right. In a test of the 
apparatus, lead was melted at the rate of 1,176 Ib. per hour, the 
gas consumption being 100 cub. ft. Тһе efficiency worked out а: 
0.686 per cent. The gas left at only 180 deg. above the tempera- 
ture of the lead, and И it were assumed that the temperature 0! 
the latter was a limit to that of the escaping gases, the efficienc 
was really greater than was represented by 0.686 per cent., bein; 
actually about 80 per cent. of what was theoretically possible. 


(We are indebted to '' Engineering ’’ for the loan of the block 
and the above description of the apparatus. Full particulars of 
this method of heating will be found in ‘‘ Engineering,” 10th Мау, 
1912.— Ер.) | 


* * * * * ж 


The melting of aluminium is quite a new development, because 
it shows what an enormous range of metals and alloys can be 
satisfactorily and economically melted by this form of apparatus, 
which it was originally only intended to use for type metal, leac 
and alloys having a low fusion point. The extreme convenience. 
however, of this apparatus, and the fact that the metals are по 
oxidised, and when melted are extremely clean and easy to pour, 
is of particular value in connection with aluminium, which is à 
somewhat troublesome metal to deal with. This fact has not 
hitherto been published, and should be of considerable interest to 
many members. 


* * ж ҡ * * 


€ 


Our Chairman and Mrs. Dunn were ‘‘ at home ” on Saturday 
afternoon, 29th June (Foundation Day Eve) to the Council of the 
Institution and to the principal Officers of its near relatives—the 
Junior Engineers’ Lodge No. 2918, and the Junior Engineers 
Chapter, of which bodies Mr. Dunn had the honour of being 
numbered amongst the Founders, and has served as Worshipfu! 


Master and First Principal respectively. 
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The Council was well represented, and it must have been par- 
ticularly pleasing to the host and hostess to welcome the Junior 
member of Council, Mr. Page, who had travelled from Manchester 
to assist in celebrating the Institution’s twenty-eighth anni- 
versary. Mr. and Mrs. Swales were the recipients of further 
congratulations on the happy event which has led them into co- 
partnership, the solution of innumerable difficulties in a world full 
of perplexities and strikes. | 


ж * ж + * * 


From the Lodge there were present the W.M. Bro. Arthur 
Valon, the J. W. Bro. L. M. G. Ferreira, and the J.D. Bro. 
F. W. Le Tall, and there was a memory of the Chapter through 
the presence of Comp. Tennant, its Treasurer, who was also 
hailed with becoming respect in his other capacities of Vice- 
President and Past-Chairman of the Institution. 


* * * ж * * 


Reminiscenoes of incidents in the history of our Institution were, 
of course, included in the topics of conversation. The very atmo- 
Sphere seemed redolent of recollections of the past, under the 
influence of the numerous old friends (who had foregathered for 
the sake of Auld Lang Syne), and under observation of the tokens 
of goodwill from the members of the Institution which the home 
of our Chairman contains, and of which he, his wife and family 
are evidently mightily proud. 

x* * ж ж + * 


According to the ‘‘ Light Railway and Tramway Journal," all 
our present methods of conveyance by railway are wrong, owing 
to the intermittence of trains. It is urged that this intermittency 
necessitates heavy trains, spacious tunnels, heavy wear on the 
permanent way, and intricate and elaborate signalling devices. 
One per cent. only (it has been computed) of the electrical energy 
now consumed upon the electric railway can be attributable to the 
weight of the passengers carried, the remainder being used in 
starting and running the heavy rolling stock and by the brakes in 
bringing it to rest. A suggestion to alter this state of affairs is 
“а sensible continuous plan of transit,” as Mr. W. J. Lewis calls it, 
or a system in which the means of conveyance will be alwavs 
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in motion. A good deal of progress appears to have been made 
in developing the acrobatic education of the present generation by 
strap-hanging and the escalator, but with trains always '' on the 
move,’’ even though slowly, there seems to be great possibilities 


for further development. 
+ * * ж ж * 


Another innovation (according to the same journal), which has 
recently been described, is the Gravity Tube Railway, on the 
Kearney system. The principle of this system appears to be a 
sort of exaggerated underground switchback, in which the effects 
of gravity in running downhill are to take the place of an esti- 
mated quantity of electrical energy. The stations are to be close 
to the surface, so as to dispense with the use of lifts, and between 
the stations the line is to descend to depths of 100 ft., or even 
150 ft., by means of gradients of 1 in 7. Тһе speed at the bottom 
of the gradient 1s to be 50 to 70 miles per hour. It is claimed 
that a great saving in current, wear and tcar of brakes and rolling 
stock would result, to say nothing of the first cost of the tunnels 
and tracks. Moreover, it is urged that trains in both directions 
may be run through a single tube, “© positive safety ’’ being assured 
by turnouts at each station, “ controlled by the train coming in the 


" It is somewhat difficult to see where the 


opposite direction. 
economy comes in of running down 150 ft. in order to run up the 
other side of the hollow, but it cannot be denied that this switch- 
backing would provide much excitement for the public, and, inci- 
dentally, some for the operators of such a line. 


PERSONAL NOTES 
OF MEMBERS. 


EARL MAIDEN is now with the firm of Messrs. James Boyd & Sons. 
heating and ventilating engineers, of 196 Great Portland Street. 
London, W. 


E. H. MANLY has been appointed Mains Superintendent on the stati 
of the South Metropolitan Electric Tramways and Lighting 
Company. 

L. F. DE PEYRECAVE is now joint manager with Mr. James C. 


MacArthur, of the Duo-Cars, Ltd., Vandon Street, Buckingham 
Gate, S.W. 
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G. G. ROBERTS is now in Canada; Box D., c/o Messrs. The 
Dominion Tar and Chemical Company, Ltd., Transcona, 
Manitoba. 


R. H. TRATT has become a partner in the firm of Messrs. Bradbury, 
Rinman & Co., Ltd., automobile engineers, of 230 Shaftesbury 
Avenue, New Oxford Street, W.C. (4776 Gerrard.) 


C. E. M. WHYTE writes from 32 Renny Street, Paddington, Sydney, 
New South Wales, on the 29th April, 1912, that he has settled 
down in the Dockyard at Sydney, where they are at present 
employed in laying down the necessary plant for the cruiser 
about to be built. Machines and cranes are all designed and 
built on the island which forms the Dockyard, ?#.e., Cockatoo 
Island. It is quite the beginning of things out in New South 
Wales, and there is considerable enthusiasm shown in the work ; 
and Mr. Whyte thinks it will produce better mechanical engi- 
neering in the Colony generally when the demand for aux- 
machinery and standard fittings is felt. 


Changes of Address. 


BURDETT, C. G. D., 59 Goldhawk Road, Shepherd's Bush, W. 


CURRIE, E. H., Ingeniero Seccional, F.C.B.A.P., San Luis, 
Argentina. 


EvLES, C. H., The Palace, Crediton. 
INDER, C. J., 70 Gracechurch Street, E.C. 
KINGSTON, S., * Kirkstyle," Riccarton, Kilmarnock. 


OWEN, U., The Patent Castings Syndicate, Ltd., 64 Strode Road, 
Willesden Green, N.W. 


WALKER, D. B., 42 Balcaskie Road, Eltham, Kent. 


Membership Elections. 
Members. 


CLAYTON, ARTHUR ; 386 Stockport Road, Bridbury ; and The Calico 
Printers’ Association, Ltd., St. James’ Buildings, Oxford Street, 
Manchester. (460 City; Cepia, Manchester.) 


GAINSBOROUGH, HARRY; 17 Adam Street, Baker Street, S.W.; 
4 Morrington Avenue Mansions, West Kensington (ото Ham- 
mersmith); and St. Marylebone Electric Supply, Maintenance 
Department, 36 Aybrook Street, W. (5021 Paddington.) 


McGowan, ANDREW ; The Para Construction Company, 9 Rue Louis 
le Grand, Paris; and 120 Rue de Rivoli, Paris. 

MUIRHEAD, DOUGLAS PETER; Parkville, Wellside Terrace, Falkirk, 
N.B.; and Argyll’s, Ltd., Alexandria, N.B. 


SWINDLEHURST, FRANK; The Para Construction Company, 9 Rue 
Louis le Grand, Paris; and 170 Faubourg St. Honoré, Paris. 
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Associates. 


DAWSON, ALFRED; Ingleside, 51 Lucerne Road, Tooting Common; 
and Messrs. Percival Marshall & Co., 26 Poppin’s Court, Fleet 
Street, E.C. 

LOVELL, FREDERICK GEORGE WILLIAM; 282 Church Road, St. 
George, Bristol ; and с/о M. T. Evans, Esq., 51 Queen's Square, 
Bristol. 

MACDUFF, ALEXANDER JAMES ; 34 York Street, Montague Square, 
W. ; and Messrs. Angus & Co., 139 Cannon Street, Е.С. 


Transferred from Associate to Member. 


GRINHAM, EDWARD GEORGE; Elmleigh, Pembroke Road, Erith; 
and Drawing Office, Aviation Department, Vickers, Ltd., Erith. 


CENTRAL LONDON RAILWAY COMPANY'S EXTENSION 
FROM BANK TO LIVERPOOL STREET. 


The Sixth Visit of the Thirty-first Session took place on 
Saturday afternoon, 24th February, to the Central London Rail- 
way Company's extension from the Bank to Liverpool Street, by 
kind permission of Messrs. Mott & Hay, the consulting engineers 
for the scheme. 

We are obliged to “ The Light Railway and Tramway Journal ” 
for the following particulars of the extension :— 

The extension of the Central London (“ Twopenny Tube ’’) Rail- 
way from the Bank to Liverpool Street is one of the most important 
and convenient pieces of railway ever constructed in London. И 
will be an enormous convenience to the countless thousands of 
passengers who daily arrive at and depart from the Liverpool 
Street terminus of the Great Eastern Railway, and in a smaller 
degree to the passengers using the Broad Street Station of the 
North London Railway. Hitherto those passengers who travel 
forward or come from the West End have had to entrain or detrain 
at the Bank Station of the Central London Company. In future 
they will be enabled to leave or reach Liverpool Street or Broad 
Street without going out into the streets. Three subways will 
connect the underground station at Liverpool Street with the Great 
Eastern Station above—one subway to the west side suburban, 
one to the main line, and one to the east side suburban—and one 
subway will connect with Broad Street Station. 
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These subways are fitted with escalators, or travelling stairways, 
which are of substantially the same type as that which has been 
in use for some time past at the Earl’s Court Station of the Dis- 
trict Railway. These escalators effect a marked saving of the 
passengers’ time, and are much more economical to operate than 
lifts. 


The Central London booking hall under Broad Street Station 
Yard has steps communicating with the street level. Lifts are 
used to link up the low-level passages leading to the Tube plat- 
forms with the Central London booking hall, and with the North 
London Railway circulating area in the upper station. 


Starting from a short cross-over tunnel 25 ft. in diameter near 
the end of Old Broad Street, the up and down tubes, 12 ft. 5 in. 
in diameter, after diverging for 72 yards, meet the station tunnels. 
These are 21 ft. 24 in. in diameter, and extend diagonally for 
110 yards under the Great Eastern Railway Company’s main line 
departure platform. The tubes unite 57 yards from the end of 
the station tunnels in a crossover tunnel 44 yards long, from which 
two shunting tubes run 188 yards, ending close to the retaining 
wall near the Great Eastern Railway Company’s boundary outside 
the east side suburban station. Here a side gallery is driven at 
right angles for 25 yards, to a cast-iron shaft 18 ft. in diameter, 
giving access to the surface at a site near Skinner Street, in 
Bishopsgate Street. This shaft has been used for removing the 
earth from the tubes and for lowering the material and plant 
required in their construction ; it will serve as a permanent means 
of ventilation for the railway. 


The tunnel of the line itself is lined in the usual way with cast- 
iron rings, each made up of segments about 20 in. wide, with 
flanges for bolting together. At the stations the tunnels are 
naturally enlarged. The station platforms are constructed of steel 
joists, on which are placed concrete slabs and an upper surface of 
York stone. The rails are bullheaded, fixed in chairs, instead of 
the bridge section rails fixed on longitudinal baulks in use on the . 
older section 'of the line. As a matter of fact, this old type of 
track support is now in process of removal, and in due course 
Cross-sleepers will be laid throughout the whole of the line. 
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For breaking-up of the existing concrete track pneumatic tools, 
worked by compressed air, are being used. There are six 
machines of this kind at work. Another machine is a concrete 
mixer, which takes Thames ballast, cement and water, turns them 
into concrete, and then lays it where required. Protruding from 
the end is a funnel, measuring 2 ft. across, and down this the con- 
crete pours on to the line as the machine moves slowly along. 


In the original undertaking the tubes were constructed with a 
diameter of 11 ft. 8} in., and were enlarged, where necessary, at 
curves ; but as the curves on the extension are numerous, it was 
decided to construct the work in 12 ft. 5 in. tunnels throughout, 
except at the station and cross-over tunnels. All the tunnelling 
operations were conducted from one shaft, 18 ft. in diameter, 
situated at the further end of the sidings, where the actual terminus 
of the rails is located. This shaft remains a permanent feature in 
that it is used as a means of ventilating the City end of the railway 
by an electrically operated exhaust fan. The “ир” and ‘‘ down" 
platforms are accommodated in separate station tunnels, measuring 
21 ft. 24 in. inside diameter, and 325 ft. in length. They are 
situated about 50 ft. below the level of the Great Eastern Railwav 
platforms. 


BIRMINGHAM LOOAL SEOTION. 


The Seventh Meeting of the Fifth Session was held on 
Tuesday, 14th May, 1912, at the Great Western Hotel, Birming- 
ham, the chair being taken at 8.15 p.m. by Mr. E. E. Jeavons 
(Local Chairman). 


After the minutes of the last meeting had been read, confirmed 
and signed, Mr. E. W. Dorrington read Mr. Alex. J. Gayes' Paper 
on ‘‘ Notes on Telephone Exchange Equipment.’’ 


Mr. W. G. Wernham proposed, and Mr. A. J. Rowledge 
seconded, a hearty vote of thanks to Mr. Gayes, for his Paper 
was and must be considered of great interest, and had been pre- 
pared with a great deal of labour. 


The meeting adjourned about 10 p.m. 
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BOOK REVIEWS. 


“ Drainage Work and Sanitary Fittings.’’—William Н. Maxwell, 
A.M. Inst.C.E. (The Bride Press Co., Ltd.) 


The book is written in a clear and concise manner, and describes 
the essential matters relating to sewage removal and disposal, 
materials for drainage works, disconnection and ventilation of 
house drains, laying and testing drains. 

A considerable portion of the work is devoted to sewer con- 
struction, and reference is made to the sanitary provisions of the 
Public Health Acts Amendment Act, 1907. 

The author, however, does not give any details for the efficient 
drainage of factories and business premises where the conditions 
are frequently abnormal, such as for laundries, clothing factories 
and chemical works ; and, now that petrol is so largely used, some 
description of the construction of petrol separating chambers 
would be useful. 

The book is illustrated by diagrams, and should be of service 


to all interested in sanitation. 
J. H. P. 


‘ Lectures on Superheating on Continental Locomotives.’’— 
E. Sauvage. 59 pages. (Hodder & Stoughton, 3s. 6d.) 


The necessity for greater economy in railway work, by adding 
to the output of each individual locomotive, has become a matter 
of increased importance to the locomotive engineer. The method 
to obtain this is by superheating the steam from the boiler. To 
locomotive engineers and others who are interested in this subject, 
Prof. E. Sauvage’s book of lectures is to be highly recommended 
as a worthy addition to their libraries ; it contains a good résumé 
of the various types of superheaters exploited, a brief outline of 
the properties of superheated steam, and is exceedingly well 


illustrated. 
H. P. B. 


“ Boiler Draught."—H. Keay Pratt, M.I.Mech.E., 134 pages. 
(Constable & Co., Ltd.) 

This is a very interesting and clearly written little handbook, 

which, though elementary in character, gives examples of all 
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the calculations that are required when determining bulks, tem- 
peratures, pressures, and velocities of air and furnace gases, 
sectional areas of flues, sectional areas and heights of chimneys, 
and sizes of fans, etc., for forced and induced draught. 

It also describes all the instruments usually employed in deter- 
mining velocities, pressures and temperatures of gases, and gives 
hints as to their use. 

There is a good chapter on chimney construction, and several 
of the leading types of furnace gear are fully described. The 
concluding chapter on the chemistry of combustion gives all that 
most engineers ever require, and describes the apparatus gener- 
ally used in analyzing gases for the purpose of determining 
furnace efficiency. 

There are also scattered through the book many hints as to 
boiler setting and furnace handling, which will be useful to many 
engineers having charge of steam generating plants. There are 
a few slips and printer’s errors, but not more than usual in a first 
edition. We hope that the author may see his way, in future 
editions, to expand his treatment of the various sections and also 
to extend the scope of the work. Apart from actual errors there 
are numerous cases where he does not stick rigidly to the same 
symbol for the same thing, and this failure is often a source of 
serious trouble to men who are trying to puzzle out the subject 


for themselves. 
H. M. R. 


‘* Practical Gyrostatic Balancing.''—Herbert Chatley, B.Sc., 
(Eng.) Lond., 72 pages. (The Technical Publishing Co., 
Ltd., 2s. nett.) 


In this handbook Mr. Chatley deals lucidly and extensively with 
the mechanical principles and construction of the gyroscope and 
its application to vehicles, ships, torpedoes and flying machines. 

As the author rightly points out the subject of gyrostatic con- 
trol is, owing to the advent of fresh means of locomotion, daily 
becoming more important. Especially is this the case in the 
science of aviation, and to all interested in aerial engineering ог 
the automatic balancing of locomotives on land and sea, this little 
handbook should prove of great value. 
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Mr. Chatley describes the mechanical principles applying to 
gyrostatic balancing from the simple ''spinning top’’ to the 
seven-cylindered ‘‘ Gnome ” engine, and the tables and formulae 
given throughout the book should greatly assist inventors and 
engineers embarking upon experiments most likely to lead to 
tangible results. Мг. Chatley, it is interesting to note, is a 


member of the Junior Institution of Engineers. 
A. B. 


CORRESPONDENCE. 
The Chinese Revolution. 


Herbert Chatley (Member), of the Tong Shan Engineering 
College, North China, writes:—The extraordinary upheaval in 
China occurred with dramatic unexpectedness. It is true 
that when the famous autumn manceuvres (the first of the 
kind) were in progress, there was some alarm amongst the 
farmers at the proximity of so many soldiers, but everything went 
peacefully. Several thousand men were here and gave no trouble, 
and were noticeable for their apparent efficiency. At the College 
we had a week’s vacation before examinations, and the President 
arranged with the authorities so that we could go up to 
K’ai p’ing to see the review. Two days before this came the 
news of the fall of Wu-ch’ang, and then day after day the troop 
trains steamed south. About 40 per cent. of our students dis- 
appeared, and we had to recommence with incomplete classes. 
So things remained for a time, when the troops remaining at 
Lan-chou (about 60 miles N.E.) became fractious, memorialised 
the throne, and so caused the sudden promulgation of the 
Monarchic Constitution. In the meantime, nearly 150 Baluchi 
troops with three British officers arrived to guard the works and 
foreigners, while most of the foreigners put in steady weekly rifle 
practice. Nothing further happened for some time save that our 
students dribbled away, until early in January, when the Lan-chou 
troops revolted. A small panic occurred, our students almost all 
left, and the line was at once occupied by foreign troops. Here 
we had Americans (45 in number). Our work at the College then 
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suspended for the New Year (Chinese) vacation. The German 
soldier incident created some apprehension, but nothing happened. 


Just as we were about to recommence in March, came the 
Peking and Tientsin riots which created considerable alarm. 
Rifles were served out and we were warned to prepare for looters, 
etc. However, none came. 


Our students are now returning fairly well and we have been 
at work some 10 days. The Baluchis are leaving to-day, but 
will be replaced by American infantry, of which a full company is 
due in a few days. 


Except for the interruption of business, high exchange and 
an atmosphere of rumours, the revolution has not as yet affected 
us much. I imagine eventually it will lead to considerable 
developments in technical and other directions, but I fear the 
people at home greatly overestimate the depth to which the 
principles of the occident have penetrated. Certainly old ideas 
are overthrown, but the new ones are very wobbly. 


“THE 1912 AVRO TRACTOR BIPLANE." 


S. V. Setti (Member), Assistant Engineer, Water Supply and 
Stores Division, Bangalore City, Mysore Province, India, sends us 
two photos of himself in the 1912 Avro Tractor Biplane, which we 
have pleasure in reproducing. 


Mr. Setti gives us the following particulars of this biplane, and 
also informs us that he designed the propeller and prepared the 
completed drawings for it. 


(i.) Engine.—30-35 h.p., 8 суі. e.n.v., 1,100-1,500 r.p.m. 
(ii.) Body.—Length, 25 ft. ; width, 2 ft. ; depth, 8 ft. 9 in. 


(ш.) Wings.—Chord, 4 ft. 9 in.; camber, 11 in.; span, 
91 ft. 6 in. 


(iv.) Tail.—8 ft. by 2 ft. 6 in. 
(v.) Elevator flaps. —4 ft. by 2 ft. 
(vi.) Rudder.—4 ft. by 2 ft. 9 in., balanced. 
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(vii.) Passenger in front, pilot behind. 
(viii.) Propeller.—7 ft. 6 іп. by 3 ft. 2 in., variable pitch. 
(1х.) Speed.—50 miles per hour. 
(x.) Chassis.—Special avro patent wheels and carriage leaf 
springs. 
(xi.) Weight.—About 1,400 Ib. complete. 


I Br iN 
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FRIDAY EVENINGS. 


26th April, 1912.—"The Use of Alaminiam for Electrical 
Purposes,” by Stanley M. Hilis (Member). 

As far back as 1809 Sir Humphrey Davy predicted that in the 
future a metal would be extracted from the common substance 
alum, and to this metal he gave the name aluminium. 

However, though its birth was predicted by an Englishman, a 
German, Dr. Wöhler, first discovered a method of obtaining free 
aluminium in 1827, whilst in 1854 a French chemist, De Ville, 
produced the metal from its chloride at a cost of ls. per ounce. 
In 1887, Heroult, in Europe, and Hall, in America, took out 
patents for the electrolytic production of aluminium, and from 
that date may be reckoned the commercial life of the aluminium 
industry. 

The electrolytic production of aluminium at a low cost necessi- 
tates a plentiful supply of water power, and consequently one finds 
but few aluminium plants in England. In 1910 the output of 
aluminium was as follows :— 


Company. Production in Metric 
Tons during 1910. 
* Aluminium Company of America ... sli .. 12,000 
Aluminium Industrie Gesellschaft, Neuhausen ... 6,000 
Soc. Electro-Metallurgique Française, Froges ... 6,000 
British Aluminium Co. 225 бі m ... 4,500 


And eight other companies, си a total of 6,200 


Making a gross total of ... 34,700 


Whilst the total output in 1905 was only 11,500 tons. 
Aluminium’s great rival in the electrical field 1s, of course, 

copper, and it is therefore interesting to compare the properties 

of the two metals, which is clearly shown in the following table :— 


Copper. Aluminium. 
Conductivity for equal section ... 1 wee 0.60 
Section for equal conductivity ... 1 без 1.666 
Diameter ... as c 3 К 1.29 
Weight for — bulk i ... 3.3 sie 1 


Weight for equal conductivity ... 2 a 1 


“ THE USE оғ ALUMINIUM FOR ELECTRICAL PURPOSES. 439 


Up to the present time the main field for aluminium in the 
electrical industry has been for overhead transmission lines, but of 
late years aluminium field coils have been coming to the front. 
For these bare rectangular wire is used, with an oxide covering for 
insulation purposes, and produced by heating the wire in a solu- 
tion of sodium hydrate or sodium carbonate. Aluminium field 
coils of equal resistance to copper are lighter in weight, 20 per 
cent. cheaper in cost, more durable on account of there being no 
fabric insulation required, and, on account of the absence of 
insulation, they favourably compare in the consideration of space 
factor. At the present time there are 8,000 coils in daily use on 
traction motors, and giving satisfactory results. 

Stringent Board of Trade regulations have prevented the general 
use of overhead transmission lines in the United Kingdom, but 
abroad one finds a number of overhead lines. In comparison with 
copper, a saving is obtained by using aluminium, in spite of the 
extra cost of towers which is entailed by using aluminium cable. 
*The question of using aluminium for underground distribu- 
tion systems was investigated in 1910 by Messrs. J. C. Raphael and 
J. B. Sparks. 

They clearly showed that on the larger-sized cables a saving 
of from 15 to 20 per cent. could be obtained by the use of 
aluminium, and, after making exhaustive tests, formed the opinion 
that the jointing of aluminium cables offered no insuperable diffi- 
culty, and should not be sufficient to prevent an engineer from 
profiting by a fair saving in the price of the cable itself. Full 
descriptions of the tests and methods of making joints were pub- 
lished in the articles referred to. 

There are many more uses of aluminium in the electrical field ; 
for instance, in the manufacture of low collectors for traction 
work and for trolley booms, resulting in a saving of half the 
weight in comparison with copper. Also for switchgear in the 
manufacture of busbars, bar and rod connections, fuses, strip con- 
ductors, etc. Its lower conductivity, of course, entails the use of 
larger conductors, but a compensation is obtained in the larger 
heat-radiating surface. Further, much saving in dead weight can 
be obtained by using aluminium for the construction of side panels 


* Electrical Engineering, December, 1910, and January, 1911. 
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of electric-train coaches. In addition, many small articles, such 
as reflectors, lamp-holders, etc., can be made of this metal, pro- 
ducing not only a saving in weight, but also freedom from corrosion 
by the atmosphere. 

Doubtless, as the use of electricity increases, the tendency 
towards the centralisation of power stations will increase also, and 
we may yet see the day when the power stations will be situated 
on the coal-fields, and the current conveyed to outlying towns by 
means of overhead lines. 

After all is said, it is the manufacturing cost which finally 
decides the success of a new article, and the saving which can 
often be obtained by the use of aluminium is certain to have its 
effect before very long. Since the collapse of the International 
Syndicate in 1907 the price of aluminium has gradually declined, 
whilst the price of copper has fluctuated in accordance with the 
rigging of the market. However, with copper at its lowest price 
of £60 per ton, aluminium still had the advantage in the matter 
of price. The progress of aluminium in the electrical field is bound 
to be comparatively gradual, but the uses of the metal are well 
worthy of study by engineers of to-day, especially the more junior 
engineers. 


3rd Мау, 1912.—“ Sleepers; their Manufacture and Use,” 
by S. T. Robson (Member). 


The manufacture of steel sleepers is comparatively small in 
England, owing to the keen competition of Continental firms, who 
have a constant supply of orders emanating from Government 
railways, etc. Consequently, the plants in England are not so 
large, although the principles of manufacture are practically 
identical. Generally, the blooms are rolled down and cut into 
suitable dimensions. The plates are then reheated, stamped 
according to demand, and dipped in some preservative. 

In the case under consideration, the blooms leave the finishing 
mill in a trough-shaped section, and this is immediately cut into 
the required dimensons and stamped. The sleepers are then sub- 
jected to an inspection, and those passed are dipped in a hot pre- 
servative, cold sprayed, and then the clips and holes are punched 
from the under side. They are then ready for weighing and 
shipping. 
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These sleepers were for 80 lb. Е.В. rails having an overall 
length 6 ft. 9 in. for a gauge of 3 ft. біп. The rail seating between 
clips is 4 in. wide, with a tilt of 1 in 20 and thickened up to $ in. 
The sleeper is splayed at the end out to 12 in. wide, nearly flat, 
and gradually fining down to a waist of 55 in. at centre, with a 
radius of 2 in. and a height of 5+ in. Throughout the whole length 
two ribs are rolled on the under side to give longitudinal strength. 
The clips are 3 in. wide and 14 in. deep, and are strengthened by 
corrugation. Two holes, for guard rails, are punched. The keys 
аге 10 in. long, tapering from 14 in. to § in., and £ in. thick. 
The cross-section shows a rounded back and a right-angled groove 
the whole length to fit the flange of rail. 

The specification stated that the steel was to be basic, to stand 
a tensile strength of 26/81 tons per sq. in., with a contraction of not 
les than 50 per cent. One clip was to be knocked down into 
original position, and the other to be doubled back without break- 
ing. A strip 9 in. wide by 12 in. long to be bent over and then 
pressed on to itself, cold, without showing signs of fracture. The 
keys must fit a standard template 1 in. from each end. The 
weight of sleeper to be 108 Ib., and the keys 1.5 16. Three рег 
cent. of sleepers to be weighed daily, and one length roadway to 
be keyed up daily. 

The steel used had a chemical analysis as follows :— 


Carbon bas ... O75 
Phosphorus  ... ... 044 
Manganese .. ... oll 
Sulphur iva ... 4087 
Silicon ... d .. Traces. 


An average test sheet shows the following results :— 


Area of Elastic Breaking Tons in 
Length. Breadth. Thickness. Cross Section. Limit. Strain. sq. in. 
200 m.m. 32:6 m.m. 96m. 312:9 9445 Kilos 13,870 Kilos 28:8 


With a contraction of 56.1 per cent., and an elongation of 26 per 
cent. in 8 in. 

In keying up, the keys are driven home on the outside of the 
flange of rail, except on rounding curves, and against the running 
direction, tending to decrease creep. 

Great developments have taken place from the original rail 
support to the present sleeper. In the first railroad, viz., those 
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on which horse-drawn trams and wagons were used, the rails were 
carried on longitudinal stones or timber stringers. Wood 
sleepers laid transversely were next introduced, and held their own 
for 60 to 70 years, and now the steel sleeper has arrived. The 
two causes which are bringing this about are:—Firstly, the 
scarcity and increased cost of timber ; and, secondly, the improved 
method and cheapening of the production of steel. Wood sleepers 
are still and will be for many years the principal type used, and it 
is curious to note that in countries rich in timber, such as Germany, 
Sweden and Norway, their use is infinitesimal. 

The best kind of wood for sleepers is a hard wood, such as oak, 
but the great demand for this kind of wood, its slow growth and 
increased scarcity has prohibited its use, so that softer and quicker- 
growing woods are being used. 

Sleepers should consist of thoroughly sound and seasoned wood. 
In England Baltic fir is used. It is adzed, bored, and a 1 in 20 
tilt given to rail seat, and then creosoted. Other woods used are 
tál, teak, Jarrah, chestnut and many native woods. 

The three principal elements tending to destroy the life of a 
sleeper are :— 


First, natural decay ; 

Second, injury arising from use of spikes and coach screws ; 

Third, wearing resulting from cutting of base of rail, tie plate 
or chair. 


The first depends on the wood, climate, ballast, time of year the 
wood is cut and amount of seasoning. Decay is also caused by 
water getting into the sleeper where respiking or a sole plate has 
cut into it, especially where traffic is heavy and renewals frequent. 
These evils can be lessened by (a) seasoning, (b) creosoting or 
some such process. The first consists of drying the wood, so 
that it will resist decay, and cutting it when sap is down. Second, 
creosoting is done by filling the sleepers with creosote under pres- 
sure in a hermetically sealed cylinder. Mention may be made of 
kyanising and Burnettising. Advantages claimed are:— 


First, low first cost ; 
Second, ease of handling and working ; 
Third, adaptability to any section of rail ; 


" SLEEPERS ; THEIR MANUFACTURE AND USE.” 443 


Fourth, in new countries, plentiful supply in most cases ; 
Fifth, elasticity and absence of noise. 


Against these must be set :— 


First, wear and deterioration, when once set in, advances 
rapidly ; 

Second, necessitates use of chairs, thus increasing number of 
parts and cost ; 

Third, injury done by respiking and cutting in of sole plates, 
chairs, etc. 


Their durability is dependent, therefore, on questions of climate, 
drainage, age of timber, length of seasoning, volume, weight and 
speed of traffic. Experience in England shows that for miscel- 
laneous traffic 10 to 15 years is a fair life. 

One of the most important and useful of modern developments 
of permanent way has been the use of steel sleepers. They involve 
a prime cost equal to wood, and effect a marked economy in main- 
tenance costs and track charges. They are being used in main, 
secondary and even pioneer lines throughout the world, although 
restricted in the States and England. In 1894 there were 35,000 
miles of metal track, or 174 per cent. of total railway mileage of 
the world, exclusive of U.S.A. and Canada. 

In addition to the sleeper discussed, mention must be made of 
the Rendle sleeper used in India with 80 to 100 ton locomotives and 
1,000 ton freight trains. There is also the German State Railway 
pattern posts steel sleeper used on the Netherlands State Rail- 
way, and also the well-known pot sleeper used in India, the 
renewals of which on the G.I.P.R. in 1893 was .57 per cent., 
against 6.14 per cent. for wood. 

For the use of steel sleepers it may be claimed that :— 


First, there is a longer life ; 

Second, reduced cost of maintenance ; 

Third, superiority of track due to a more permanent road, 
due in its turn to reduction of renewals and maintenance ; 

Fourth, permanence of track as a result of longer life ; 

Fifth, easily laid, susceptible of finer adjustment on curves ; 

Sixth, decided ultimate economy and length of life. 
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Against which must be mentioned :— 


(a) They take longer to align ; 

(b) Difficult to pack on soft tracks and after rain ; 

(c) A good track cannot be maintained, that it will be noisy 
or uncomfortable ; 

(d) They become misshaped as a result of accidents. 


In the case of (a) undoubtedly this is so, but when finally settled 
down the alignment is more perfect than with wood; (b) the 
probability is they would not be used on soft tracks, and if a good 
ballast is used, viz., rock or slag, it would not be affected if 
drainage was good ; (c) as far as can be ascertained, these objec- 
tions cannot be sustained in view of general use, and experience 
on the Continent confirms this. 


On mature consideration, everything points to a great reduc- 
tion of maintenance and renewal costs, and when spread over a 
short period of ten years, has shown a saving of 50 per cent. In 
spite of the fact that for the first three or four years the main- 
tenance for both types is about equal, afterwards, when the bed 
becomes consolidated, the charges for metal gradually drop off, 
whereas the labour, etc., for wood continues to increase till 
renewals are necessary. Now reduced renewals due to metal 
tracks mean superiority of track, reduced permanent-way gangs 
or increased length of section per gang, with a consequent reduc- 
tion of maintenance and dead charges. 


The Standardisation of Engineering Catalogues. 


On the 31st May Mr. Arthur Bourne (Member) gave an interest- 
ing lecture on the above subject. 


Mr. Bourne pointed out that, although the initiation of the 
movement for the Standardisation of Trade Literature had had its 
birth several years ago, manufacturers both in this and other 
countries seemed slow to move definitely in the matter. It would 
appear that it would, after all, have to be left to private enter- 
prise to invent and produce a satisfactory system whereby the 
chaotic conditions under which manufacturers are at present prac- 
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tically compelled to introduce their productions to the notice of 
consumers could be finally eradicated. Manufacturers had not 
been slow to realise the very great benefit accruing from scientific 
and systematic advertising ‘п the technical and daily press. Why, 
then, should not a little more care, science and system. be brought 
into the extremely important question of catalogue production, 
upon which so much money was spent? Under existing conditions 
it was really difficult to know how to satisfactorily file catalogues, 
and, in spite of the many systems in vogue, he doubted if there 
was a really satisfactory system. To mention a few ways, they 
could be filed alphabetically, in numerical order, according to size 
or shape, or according to classification of goods, and cross-indexed 
by means of card systems. He would, therefore, advocate not 
only the adoption of a standard size, but also the confining of one 
article to one catalogue. Manufacturers seemed at the present 
time to be devoting a considerable amount of attention to our 
export trade, but, in his opinion, the large amounts spent annually 
in the despatch of elaborate and costly catalogues abroad was for 
all practical purposes wasted. What buyers abroad welcomed was 
literature that gave not only detailed illustrations, but also full 
and complete information, such as net and gross weights, shipping 
measurements, code words and approximate prices, so that, if 
necessary, a quotation could be given without having to refer 
home. It was really surprising what a large percentage of cata- 
logues failed in this respect. In conclusion, Mr. Bourne pointed 
out that although the systematic treatment of this subject, so 
complex in its character, is not without its many difficulties, yet 
the great nced and desire for immediate reform being established 
beyond all doubt, the engincering profession will universally 
welcome a practical system of dealing with trade information in 
their offices. 
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“EXPERIMENTS WITH AN INJECTOR.” 
By W. E. LILLY, D.Sc. (Member). 


While carrying out some experiments in the autumn of last 
year with an injector using steam as the working agent, it occurred 
to the author to determine experimentally what pressures the 
injector would deliver against by using hot water from the boiler 
as the working agent in place of steam. The results obtained 
were of exceptional interest, and, as no experimental work appears 
to have been carried out in this direction, they have been embodied 
in the present Paper. 


The experiments were carried out in the Engineering Labora- 
tory of Trinity College, Dublin, on an injector of the concentric 
type, with adjustable steam and water nozzles—a pattern now 
almost obsolete. A longitudinal cross-section of the instrument 
is shown on Fig. 1, and on Fig. 2 the cross-sections of five different 
nozzles, А, В, C, D and E, used in the experiments. 


A diagrammatic sketch of the experimental apparatus is shown 


on Fig. 3. The manner of carrying out an experiment with it 
was as follows :— 


Either steam or hot water was admitted to the injector through 
the valves F or G, and water either from the main through the 
cock H or from the tank through the cock I. Тһе valve J on the 
delivery pipe was then closed and the steam nozzle fully opened. 
The water nozzle was then adjusted until the maximum reading 
on the pressure-gauge K was obtained ; the discharge then passed 
away mostly through the overflow by the cock L to the waste 
tank. When a state of steady motion had been obtained, the 
cock M was opened and the cock L closed, the discharge passing 
into the weighing tank placed on the platform of the weighing 
machine. The temperatures of the supply and delivery were then 
observed, and the weight of the discharge in a given time, usuallv 
five minutes, recorded. 


In other experiments, instead of discharging through the over- 
flow, the valve J was opened until no water appeared at the over- 
flow, and the water discharged through the cock R into the weigh- 
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ing tank. The injector was placed close beside a 25 h.p. loco- 
motive boiler, from which the steam and hot water were taken as 


required. The level of the orifice from which the hot water was 


taken was 8 in. below the average water level in the boiler. 
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A number of experiments were carried out, and the values 
obtained from some of these expcriments have been tabulated in 
the accompanying table. These values must be looked upon 
rather as being qualitative than quantitative, as the apparatus 
did not allow of any great accuracy being obtained in making the 
different measurements. This is largely due to want of funds for 
carrying out the investigation, which precluded the idea of any 
large expenditure on new apparatus. 

The table shows the values obtained by using steam and hot 
water respectively in the injector with the different nozzles, A, 
B, C, D and E, at the boiler pressures of 100, 70 and 40 lbs. рег 
sq. и. The duration of the experiments was in all cases five 
minutes. The first column of the table gives the diameters and 
areas of the cross-sections of the nozzles used in the experiments ; 
the second the weight of water in pounds discharged from the 
injector into the weighing tank. The cold water was in all the 
experiments taken from the supply tank, excepting the hot-water 
experiments with the nozzles D and E, when it was taken from 
the main. The level of the water in the supply tank was 2 ft. 
below the injector. The third column gives the calculated weight 
of the condensed steam in the steam experiments, and of the hot 
water in the hot-water experiments passing through the injector. 
These values have been calculated from the following formula :— 

x (H — t) = W(T - t), 
where 

W = the weight of the discharge in pounds ; 

T = the temperature of the discharge ; 

t — the temperature of the water supply ; 

H = the total heat of the steam for the steam experiments 
and the total heat of the hot water for the hot-water 
experiments ; 

x — the pounds of steam or hot water respectively. 

This formula assumes reconversion of the kinetic energy of the 
discharge into heat. 

The fourth column gives the difference of the temperatures T — t 
of the water in the discharge and supply tanks respectively. The 
average temperature of the water in the supply tank during the 
experiments was 9 deg. C. 
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The fifth column gives the reading on the pressure gauge during 
the experiment in pounds per sq. in. when the water was 
taken from the supply tank, and the sixth column the readings on 
the pressure gauge when the supply was taken from the main. 
The average pressure on the gauge when water was passed from 
the main direct through the injector was 20 lbs. per sq. in. 


In all the experiments the weight of the discharge was deter- 
mined when the pressures shown on the pressure gauge were a 
maximum ; the discharge then mostly passed away by the overflow 
to the weighing tank. The reason for adopting this method of 
measuring the discharge was due to the difficulty of working the 
injector in the majority of the experiments without any discharge 
passing away by the overflow. With the nozzles D and E there 
was no difficulty, but in all the other experiments, and more 
especially with hot water, some discharge by the overflow always 
took place. 


Preliminary experiments also showed when the water nozzles 
were adjusted so as to give the maximum readings on the pressure 
gauge, that the weights obtained for the discharge were more 
consistent. А slight difference in the adjustment of the water 
nozzle made a marked difference in this respect. The diameters 
of the combining cone and of the delivery cone at the throat were 
.162 in. and .125 in. respectively, and the areas of the cross- 
sections roughly in the proportion of two to one. It was impos- 
sible to alter the proportions between these cones during the 
experiments in order to get the best results with the different 
nozzles. 


The steam experiments show in a comparative way the effect 
of the expanding nozzles on the maximum pressures obtained. 
The quantitative values obtained for the weight of the discharge 
and the condensed steam are not very consistent regarded from 
the theoretical point of view. 


The hot-water experiments with the nozzles A, B and C were 
carried out by starting the injector with water from the main, and 
then changing over to the supply tank. With the larger nozzles 
D and E, the injector would only work with the supply direct from 
the main. The maximum pressures obtained were higher than 
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expected, and the effect of the expanding nozzles are more marked 
than in the steam experiments, also the temperatures of the dis- 
charge are higher. 

The maximum pressures obtained in these experiments are 
greater than those which could be obtained even with an injector 
in which the combining cone and delivery orifice could be varied, 
as some allowance would be required to be made for the velocity 
of the water in the delivery pipes and for friction. 

The experiments, however, show for the usual range of boiler 
pressures that a specially designed hot-water injector, with an 
overhead supply of cold water, could be used for boiler feeding. 
The range of the instrument would, however, be much less than 
with an injector using steam. 

The explanation of the results obtained from these experiments, 
regarded from the theoretical point of view, indicates that some 
modification is necessary of the usually preconceived idea as to 
what takes place in the combining cone of the injector. It is 
remarkable, considering the immense number of injectors in use, 
that so little is definitely known regarding the theory of their 
action. The best-known writers on the steam engine are singu- 
larly silent on the subject, and, although a great deal of research 
work has of recent years been carried out on the flow of steam 
and hot water from nozzles, the application of the results obtained 
to the injector 15 scarcely mentioned. For these reasons the 
author only proposes to indicate briefly the bcaring of these experi- 
ments on the theory underlying the action of the injector. The 
fundamental principle underlying the interchange of momentum 
between steam or hot water flowing from the nozzle with the water 
in the combining cone is given by the equation :— 

m, Vg = (m,-- mg) v, ... ... (1) 
where 

m, = mass of steam or hot water flowing per second from 
the nozzle ; 

v, = its velocity ; 

m, — mass of water per second entering the combining 
cone ; 

v,- the velocity of the discharge as it leaves the com- 
bining cone. 


BY W. E. Силу. 453 


The above equation assumes that the momentum of the water 
entering the combining cone is negligible. 


The equation only roughly applies to the injector, owing to the 
uncertainty of our knowledge as to what takes place in the com- 
bining cone. It gives, however, a means of comparing the results 
of the experiments. Thus, writing it in the form 

У: 0,3 mg (8) 
У, m, 
and taking the values from the table for a particular experiment, 
for instance, steam at 100 Ibs. pressure with the nozzle D gives :— 
psg 
and the velocity v, of the jet as it leaves the combining cone for 
the gauge pressure of 170 Ibs. per sq. in. is approximately 160 ft. 
per second, giving for the velocity v, of the steam 2,500 ft. per 
second. 


Now theory indicates, and the experiments of Napier and other 
experimentalists show, that in the case of steam the mass flow 
of the steam from a convergent nozzle becomes a maximum when 
the pressure P in the orifice of the nozzle is closely equal to the 
boiler pressure P, x .58. A small manual by Prof. A. Rateau 
on ‘‘ Experimental Researches on the Flow of Steam through 
Orifices and Nozzles '' gives a clear résumé of the theory and of 
the experimental researches which lead to the above result. 
Assuming it to hold true, then the velocity of the steam in the 
orifice can be shown to be about 1,500 ft. per second, which is 
much less than the velocity of 2,500 ft. per second above deter- 
mined, and therefore, to account for it, expansion of the steam 
in the combining cone must be assumed. 


For the steam experiments, the velocities of the steam, as 
calculated from equation (1), vary between 2,000 and 3,000 ft. 
per second, and the ratio of the discharge divided by the con- 
densed steam from 18 to 23. 


The results obtained from the hot-water experiments are even 
more difficult to account, for than those obtained with steam. The 
ratio of the discharge divided by the hot water supplied is approxi- 
mately 3, and the calculated velocities of the mixture of steam 
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and water range from 600 to 50 ft. per second. In a similar 
manner it can be shown, as with steam, that when hot water flows 
from a convergent nozzle the mass flow of the mixed water and 
steam becomes a maximum, when the pressure in the orifice 
P —.8 to .9 P,, the pressure in the boiler, the value of the 
coefficient depending upon the boiler pressure. With boiler 
the velocities 
of the mixed steam and water from the orifice range from 95 to 


pressures varying from 140 to 85 lbs. per sq. in., 
70 ft. per second. The calculated velocities given above are 
greater than these velocities, and therefore a further expansion 
of the mixed steam and water after it leaves the orifice must be 
assumed. This is even more remarkable than in the case of steam, 
as experiments show that the lateral expansion of the hot water 
as it leaves the nozzle is much greater than with steam, and there- 
fore it would be expected the injector would not work. This 
happened with the nozzles D and E ; the injector would only work 
with these nozzles when supplied with water from the main supply. 

In recording these experiments, the object of the author has 
been to draw attention to the interesting phenomena which occur 
in the interchange of momentum between hot water and steam 
with cold water. Further research work carried out in this 
direction will, no doubt, yield results both interesting and useful. 
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STARTING PLATFORM. 


August, 1912. 


"UNDER THE GOOD By the time that these lines are in print, 
PROVIDENCE OF GOD." the Naval Manceuvres, which began on the 
9th July, will have terminated. Nevertheless, the present writer, 
who helped the Chairman to represent the Institution at the depar- 
ture of the Fleets, feels it to be a duty to present his reflections, by 
request, at this the earliest possible moment. 


Members of both Houses were present in the '' Armadale 
Castle," and very handsome she looked with her pale lilac hull, 
white upper works, and well-spaced funnels—the old “ Donald 
* Currie ” paint. Тһе Juniors’ representatives, however, had much 
more room for their dignity than on the crowded decks of the liner, 
for they were in the ‘‘ Harlequin ” with a press gang under the 
care of Commander C. Tibbets, M.V.O. 


Our ship lay at the Railway Jetty, where many other famous 
personages have embarked. Ahead of us was the Royal yacht 
“ Victoria and Albert," having one funnel repainted, possibly for 
a reason akin to that which held good in a leading case in such 
matters, wherein the crew were ordered to scour the anchor. 
Having admired the yacht’s glossy black paint, and not quite so 
much admiring the giltwork on her stern, a couple of destroyers 
alongside us claimed our attention. Many of us know the 
destroyer in the condition in which she exists in the builders’ 
hands ; but she is much more a thing of life after the Service has 
taken her over. "The deck, with its uniformed and numerous hands 
on duty, and its little crowd of bare-armed ''livelies," beefy, 
tattooed, and good-natured, is a much more '' homey ’’ place than 
is the same stretch of plating when populated only by the con- 
tractor’s crew. Оп service there are the neatly blacked 
'* dodgers,” the polished machine guns, the code flag box, the big 
telescope, and a hundred seamanlike touches that warm the picture. 
And in the present instance we had in the background the old 
'* Victory," with the flag of an Admiral (Sir Arthur Moore, Com- 
mandcr-in-Chief) at the mainmast head. Beyond her, again, at 
Gosport, was a great white ketch and a noble steam yacht. 
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What a picture it was, and what thoughts of the Royal Navy 
it brings to mind! Nelson, Collingwood, Blake, Greenwich Hos- 
pital, and the Abbey freshen in our recollection. Some of those 
clean-shaven or trim-bearded gentlemen now visible on the wharf 
in their neat blue and gold, may have in store for them a fate as 
a national hero in some great fight of the future. Quien sabe? 
Whoever he may be, if ever such an occasion arises, let us hope 
that we civilians shall have seen in good time that his weapons are 
worthy of the land they defend. We Juniors have no politics, qua 
Juniors. But we have lots of patriotism, and, like the rest of our 
grumbling fellow-countrymen, we are at bottom perfectly willing 
to pay for it. 

Quite a burst of applause greeted Mr. Winston Churchill from 
a party very diverse as to its political creeds, when he passed the 
“ Harlequin ” later in the day in a smart little green steam pinnace. 


And this reminds one that we ought to get to the Fleet, away 
from our musings in the harbour. 


Spithead, when we got out there, was a sight to be remem- 
bered. The Island shore was obscured from view by line upon 
line of naval hulls, masts, and funnels. The ubiquitous steam 
pinnaces gave the eye a succession of pretty little sea pictures as 
they sheared along in all directions and at all sorts of angles to 
us. What a joy it must seem to be a midshipman-skipper of a 
footy little pinnace for the first time! 

Westward we went down the northern line, and at the end of 
it we met the “© Enchantress,” the heavy Admiralty yacht, leading 
the ** Armadale Castle ” from Southampton. АП three of us went 
eastward through the line and anchored. What an assembly to 
make a progress through! Every moment one had to turn one's 
attention to a fresh ship or a new scene. There were no foreign 
warships present, and at first there were not many yachts; but 
there was an extraordinary diversity of naval vessels, and later 
on a remarkable assembly of passenger steamers and a sprinkling 
of large private yachts. 

A hydroplane tore along among the ships, and a neat oil-engined 
boat, painted light grey and flying a large ‘‘ T" on a white square 
flag, carried Sir John Thornycroft and a party. 
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The naval ‘‘ waterplanes ’’ gave us a fine display. They are 
neat-looking structures, not giving one the impression of cob- 
webby construction conveyed by many of the earlier aeroplanes. 
One of them, after landing neatly in the water, made a cruise at 
a very respectable speed afloat. They have a closed short hydro- 
plane hull as a kind of central float, and wing ‘‘ spindle-shaped " 
floats on either side; the wing floats аге not immersed so long as 
the waterplane travels upright. 


One of the machines—that of Commander Samson, R.N.—is 
seen in the illustration by which this note is accompanied. 


After the hydroplane display, two divisions of  destroyers 
attacked the leading ships of two of the Fleetlines. The big three- 
funnelled destroyers are quite handsome vessels, and the sight of 
a line of four of them, each with a big stern-wave, and keeping 
distance from one another whilst running at a fair speed, was a 
very pretty one, though purely spectacular. 


Submarines there were, with their mother-ship, the “© Adamant,” 
the latter a very smart-looking little vessel. After all these sights 
and ships had been seen, we moved out abreast of the “ Warner ”’ 
light-vessel, and, with the handsome old '' Fire Queen,’’ hove to 
opposite to the ** Armadale Castle," which already had taken up 
her position there. Between the two ships passed, first of all the 
cruisers, steaming in line, and afterwards the battleships in two 
columns, line ahead. The ‘‘ ісп” attracted a great deal of 
attention, as she led the line of cruisers, and, of course, the original 
“ Dreadnought,” and the later vessels “ Neptune " and '' Thun- 
derer ” (the latter a Thames Ironworks ship, recently inspected by 
the Institution), and the other super-Dreadnoughts attracted much 
interest. We saw the '' London,” too, whose keel bar we walked 
beneath on a Juniors’ visit not so many years ago. 


One very striking thing to any person accustomed to the care 
with which our mercantile steamers are quite properly kept away 
from one another, was the close proximity in which some of the 
cruisers accompanied each other.  Stately, majestic, and long, 
there is an awe-inspiring beauty in many of them, the beauty of 
a form suggesting a resistless thrust through leagues of green 
ocean with much of the facility of a great shark. The battleships, 


'эчвАлэзем елем $14 uo “N'Y 'uiosures ләриешиод 


г oe eum . С. 


аі - - 
= = > ve "T А 
- - . ~ " T Г с эф "m. 
А m 4 = 


ке = Г e - - 
а. айыы — € = қ Е. : = —-_ ` " - 
— 4 Jer eem - й. 
` à I $ - * e - 
2 қ ` T > Е » A - я 
~ р - " р 


| 


Digitized by Google 


‘ UNDER THE Соор PnovIDENCE ок Сор.” 459 


too, tier upon tier of bridges or platforms clustered about the for- 
ward funnel, are more obviously ‘‘ floating fortresses " now than 
ever they have been since that term was first applied to them. 
They are the embodiment of might in motion, long lean lines of 
the bow going to a great midship section, and then away aft toa 
run as sweet as any that ever belonged to a clipper. As the two 
columns passed us, one saw clear sky beneath a lofty flying bridge 
over the centre turrets of one of the ships, and also through the 
same opening the towering superstructures of her opposite 
number, and the field of view thus filled with stark and lofty struc- 
tures of steel, topped by the tripod masts, was a very striking one. 

Matthew Arnold, with whose writings I am not as well 
acquainted as I suppose I ought to be, is credited with having 
said that a railway train was not of necessity unbeautiful, or words 
to a like effect (pace the entente, I don't think he could have had 
in mind a French train). This observation has cheered me in 
the past, and I believe that Matthew Arnold, had he lived and 
happened to view the departure of the Fleets with us, would have 
appreciated the beauty and dignity that were represented in the 
ships, the beauty that exists in all things that fit their purpose. 
To appreciate that these vessels fit their purpose, one does not 
need to be a naval specialist. 


But perhaps this, for the Junior at any rate, is a '' flogging of 
a willing horse." Wyllie has taught most of us how to look at 
the ships of to-day, naval and mercantile. Go and look at them, 
brother Juniors, whenever you get a chance. And if you have 
never read Kipling's “А Fleet in Being,’’ let me urge you to read 
it at once, so that your education may no longer be incomplete, 
and that you may look with a more sympathetic eye than ever 
upon these Fleets of the Navy, designed in great part by honorary 
officers of this Institution, and not only symbolising, but actually 
constituting the weapon of British might. 

W. J. TENNANT. 
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OBSERVATIONS 
IN GENERAL. 


Members will unite in offering cordial congratulations to one of 
our Past-Presidents, Mr. Dugald Clerk, who received the 
honorary degree of Doctor of Science at the Manchester Univer- 
sity on the 29th June. Professor Hickson, in presenting Mr. 
Clerk for the degree, said he had the honour of presenting a man 
who was not only an authority on the subject of internal com- 
bustion engines and the author of the standard work on the 
subject, but one who, by his own inventions, had placed his name 
in the front rank of the scientific pioneers of our time. The dis- 
covery that he made in 1881 of an alternative to the Otto cycle, 
followed by the construction of a two-cycle engine, was a dis- 
covery that was made in advance of his time, for it was not until 
some thirty years later that the full importance of this part of his 
work was realised. At the present time most of the largest gas 
engines were working on the Clerk cycle. His scientific work 
had extended continuously up to the present day, and his 
researches on the specific heat of gases and on explosive pressure 
led in 1908 to his election to the Fellowship of the Royal Society. 
He was a man of great inventive genius, and a profound student 
of scientific theory, and he had demonstrated the essential con- 
nection of abstract scientific conception with practical application. 

ж ж ж ж + + 

We are pleased to record the appointment of Professor С. A. 
M. Smith, M.Sc., to the post of Professor of Civil and Mechanical 
Engineering at the newly-created University of Hong Kong. 
Professor Smith has arranged to visit Canada and the United 
States before taking up his new appointment, in order further to 
add to his already wide knowledge of matters connected with 
technical education. On his resignation, the staff of the East 
London College presented him with a token of esteem, and his 
old students also showed their goodwill in a practical manner. 
We hope Professor Smith will not forget the ‘‘ Juniors ° when 


he is so far away. 
ж ж * * * ж 


At a recent meeting at the Institute of Naval Architects, Mr. 
A. E. T. Chorlton dealt with some of the questions that had been 
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raised as to the utilisation of gas power for the propulsion of 
ships. One of the main difficulties, he said, consisted in finding 
an engineer who could design the whole plant, and who had had 
the proper experience both with producers and engines. 

* * * * * * 

He emphasised the special features of the two-cycle engine, and 
explained the great advantages of the new type over the four- 
cycle engine which was at one time invariably used. To be able 
to reverse a marine engine rapidly, and to run slow, was, of 
course, essential. A gas engine, therefore, would have to fire 
at the first and every stroke at all speeds to fulfil these con- 
ditions. In that respect the four-cycle engine was at a disadvant- 
age, for the variation in the resistances of the gas and air 
passages at different speeds made it difficult to draw in accurate 
mixtures at all speeds, particularly slow ones, that would fire 
satisfactorily and with certainty. With two-cycle engines the 
mixtures were invariable at any speed. His firm had installed 
two-cycle engines for driving mills in which the engine was 
started against the load without a clutch. That was more diffi- 
cult than in ship propulsion, because there was a dead weight to 
oppose, and the first stroke had to begin to drive the mill. He 
expressed the opinion that too much attention was just now being 
given to the Diesel engine to the neglect of the gas engine. In 
view of the fact that our natural fuel was coal, and not oil, it 
appeared foolish to neglect the engine which used such coal, and 
to specialise in those that used oil, especially when the cost of 
coal was but 10s. per ton against 60s. or more for the oil; or, 
taking their thermal values, 3 to 1 in favour of coal. 

* * * * * * 

At a recent meeting of the Institution of Civil Engineers, an 
interesting paper was read by Professor John Goodman, of Leeds 
University, on roller and ball bearings. The author has investi- 
gated over a long series of years the behaviour of both classes of 
bearings, in order to determine the load and speed at which they 
may be allowed to run; and the main objects of his latest com- 
munication on the subject were to place on record the results of a 
large number of tests and to reduce to a definite law the mass of 
information obtained. 
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The author expressed himself of opinion that modern ball bear- 
ings as turned out by the best makers are entirely satisfactory 
and reliable, and that there is no reason to apprehend trouble with 
them. Reasonable care, of course, must be taken in mounting 
the bearings, and in ensuring that they are not allowed to run 
under unduly high loads. The prime cost of ball bearings is, 
necessarily, greater than that of plain bearings fitted with ordin- 
ary lubrication, but the friction is about one-tenth as great, and 
the oil required is almost nil. When these qualities are taken into 
account, the ball bearing for almost every purpose may be con- 
sidered superior to plain bearings. 

ж ж ж * ж * 

To the same meeting, Professor Goodman contributed a paper 
showing that very few data have been published on the various 
methods of testing the anti-friction properties of bearing metals. 
[n the testing-machine used in early experiments the bearing 
under test was loaded with dead weights. This, however, 
becomes very irksome and laborious when large weights are 
employed, and Professor Goodman consequently designed a 
machine in which loads up to 10 tons could be applied to the 
bearing by means of levers, and yet leave it free as regards 
rotation through a small arc about the centre line of the shaft. 
This machine he has described in detail, special attention being 
called to the method employed for keeping the temperature of the 
bearing constant during the test, and also of ensuring a small 
relative to-and-fro motion of the bearing and shaft in order to 
prevent them from wearing in grooves. 

* * * ж * ж 

The M.S. ''Selandia"' arrived in the Thames on Monday, 
the 15th inst., after her first long voyage of more than 20,000 
miles. It is stated that the engine room still presents its 
unusually clean aspect, and also that the engineers are as satisfied 
with the working of the machinery as they were during the trials 
of the vessel last February. It is often the auxiliary machinery 
which gives the most trouble during the first trip, and it is very 
interesting to read that nothing of any importance had occurred 
in this direction, although, as is well known, there was a good 
deal that was novel in this part of the equipment. The 
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© Selandia ’’ relied much more upon electric power for the opera- 
tion of the auxiliaries than will most other Diesel ships now under 
construction, and it is interesting to know that this plant has 
given satisfaction under somewhat arduous conditions. There 
seems to be, in some quarters, a disposition to avoid the 
use of electricity on ships, but it would appear more than probable 
that the advent of the motor vessel will do much to bring about, 
the general use of electrically operated auxiliaries at sea. 


* * * * * ж 


It is pleasing to note that the First Lord of the 
Admiralty, has paid a visit to the “ Selandia." Тһе “ Naval 
Engineering Review ” states that he was very much struck with 
the new propelling power of this vessel and was astonished when 
he saw a vessel of 4964 tons which requires no funnels, no coal 
bunkers, and no stokers to aid in its propulsion. Some had 
hoped to see in this year's Naval Estimates that a definite sum 
had been allocated for the engineering of a vessel with Diesel 
engines, but none is evident. This country followed France in 
the building of submarines. For years the '' experts " laughed 
them to scorn, but there were wise and far-seeing men who 
advocated the adoption of this valuable arm to the Service when 
the Admiralty doors were closed to their admission. Russia had 
built and launched the cruiser ‘‘ Rurik,” the swiftest and most 
efficient cruiser at the time in the world, before the money had 
been voted in our Parliament for the building of the ‘‘ Terrible "' 
and the '' Powerful." The building of those two ships was the 
result of panic legislation, for they have never justified the 
heralding they received when the late Lord Goschen—then Mr. 
Goschen—introduced the Navy Estimates in the year 1894. They 
were a counterblast to the Russian cruiser “ Rurik,” and they 


have been powerful and terrible failures. 
є * * ж ж * 


To-day Russia is adopting the Diesel engine in gunboats 
intended for service on the Caspian Sea and on the Volga, and 
it is only a question of dates as to when they will be fitted into 
larger vessels built by that country. Less than a decade ago the 
Diesel was amongst the probabilities of marine motors ; to-day 
it is with us. 
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OF MEMBERS. 


W. E. BARBER has secured an appointment on the engineering staff 
of Messrs. Babcock & Wilcox, Ltd., Oriel House, Farringdon 
Street, E.C. ; 52 Park Road, Plumstead, Kent. 

HERBERT J. BROCK writes from the Gold Coast on the 20th June, 
1912, that he has been wandering about in West Africa since 
December, 1910, on surveys and construction. Mr. Brock hopes 
to be home by the end of the year. He says he still feels he i5 
one of the “boys,” though it is his eleventh year in Africa. 

F. CLAYTON has entered into business for himself as Automobile 
Engineer and Agent; Messrs. F. Clayton & Co., 14А Leicester 
Street, Leicester Square, W.C. (60541 Gerrard;  Claymoco, 
London.) | 

A. WALLACE COWAN has been transferred to the Manchester office 
of his firm, Messrs. Redpath, Brown & Co., Ltd., Trafford Park; 
Bayfield, Bowdon, Cheshire. 

F. J. FINZI is at present engineer to a tea-fermenting factory in 
Assam. 

JOHN О. GILL is now at home on leave, and is staying at “ Roseau,” 
St. Augustine Road, Southsea, Hants. 

S. C. JAGER is now engaged in the Sales Management Department 
of the British Westinghouse Company, of Trafford Park, Man- 
chester ; “ Lyndhurst,” Derbyshire Lane, Stretford, Manchester. 

ALFRED W. MARSHALL is now at Messrs. Percival Marshall & Co., 
26 Poppin’s Court, Fleet Street, Е.С. (907r Central ; Prensa, 
London.) 

J. M. MUIR has entered the services of The Tampico and Panuco 
Oil Company, and sailed for Tampico, Mexico, via New York, 
on the 27th July, by the s.s. *Lusitania." Letters should be 
sent to his home address, 2 Marchmont Street, Edinburgh. 

R. H. PARSONS has been appointed Superintendent of the Power 
Plant Department of the City of Edmonton, Alberta, Canada. 

C. W. PETTIT expects to leave Secconder, Gold Coast, on the 17th 
August, for London, on leave. 

H. T. POOLE is now with The Birmingham Metal and Munitions 
Company, Adderley Park Mills, Birmingham. (40 East; 
Ammunition, Birmingham.) 

JOHN E. RAWORTH has acquired the business of the late Mr. Newn- 
ham Browne, Chartered Patent Agent, of The Old Mansion 
House, 73 Cheapside, E.C. Mr. Raworth is retaining this office 
as a City branch of his business, his other office being in Queen 
Anne’s Chambers, 28 Broadway, Westminster. 

E. D. ROBERTS is at present supervising the erection of part of a 


cement plant near Bradford; 8 Hanover Square, Manningham 
Lane, Bradford. 
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CHANGES OF ADDRESS. 
Арсоск, Е. H., The Anderston Foundry Company, 100 Cheapside 
Street, Glasgow. 


BARTLETT, J., c/o W. Simpson, Esq., 78 Dublin Street, Guelph, 
Ontario, Canada. 


Bown, J. E., 706 Coventry Road, Small Heath, Birmingham. 
COLLINS, R. H., 29 Glenluce Road, Blackheath. 

Evans, E. T., “St. Albans,” 21 Woodville Road, Leytonstone, N.E. 
GREENLY, H., 1 Neston Road, Watford, Herts. 

GREGORY, V. H., 116 Tooting Bec Road, Balham, S.W. 

GRIFFIN, E., 53 Osmond Gardens, Wallington, Surrey. 

KRALL, R., 5 South Street, Finsbury, E.C. 

LYMER, В. J., “Homeleigh,” Old Balderton, near Newark. 
NEWTON, H. E., 1 Jerningham Road, S.E. 

TEAGUE, D. G., “ The Retreat,” Lyme Regis, Dorset. 


TRINDER, W. E., 1 Graham Avenue, West Ealing. 


WANGFORD, W. Н., 44 North Side, Clapham Common, S.W. ; and 
Metropolitan Water Board, Resident Engineers Office, 
Hampton, Middlesex. 


MEMBERSHIP ELECTIONS. 
Members. 


FRASER, PERCIVAL MAURICE; "Logan," Shepperton-on-Thames; 
and 13 Old Square, Lincoln’s Inn, W.C. (6804 Central.) 

GOODACRE, ERNEST JOHN ; Rising Sun Petroleum Company, Yoko- 
hama, Japan, vz@ Siberia. 

MORGAN, FREDERICK ROBERT; Assistant Engineer, Open Line 
Maintenance Department, Oudh and Rohilkhund Railway, 
Sitapur, India. 

SMITH, ADAM HUMBERSTONE; “West Bay,” Churchill Road, 
Edgware, Middlesex; and Leto Photo Materials Company 
(1905), Ltd., Leto Works, Edgware (c/o Leto Works, Edgware). 


Associate. 


MILLS, CYRIL VINCENT; Trent Lock, Sawley, Derbyshire; and 
c/o The Railway and General Engineering Company, Midland 
Engineering Works, Nottingham. (10 Nottingham; Dot, 
Nottingham.) 
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EXTRAORDINARY GENERAL MEETINGS. 
An Extraordinary General Meeting of the Institution 
was held at the Royal United Service Institution, Whitehall, on 
Monday, 17th June, 1912, the Chair being taken at 7.30 p.m. 
by the Chairman of the Institution, Mr. Walter T. Dunn. 

The Chairman gave the replies of the Council to the questions 
raised at the Annual General Meeting held on 30th October, 1911, 
and also to the further questions raised by a Member arising out 
of the Special Report of Council, dated 17th January, 1912. 

Mr. F. D. Napier proposed, and Mr. Ernest King seconded— 

‘“ That the verbal and personal explanation given by the 
Chairman, Mr. Dunn, be accepted as a satisfactory 
explanation.” 


An amendment was proposed by Mr. J. N. Boot, and seconded 
by Mr. U. Owen— 

‘That the verbal replies to the questions raised at the 
Annual General Meeting on 30th October, 1911, that have 
been given by the Council through its Chairman, be 
accepted as satisfactory."' 


The amendment was carried. 


Moved from the Chair and seconded by Mr. W. A. Tookey— 
** That in the sixth line of Article 34, the word ‘ twelve’ shall 
be substituted for the word ‘ eight.’ ” 
The Resolution was carried. 


Moved from the Chair and seconded by Mr. P. L. Young— 

‘ That in the seventh line of Article 34 the words “опе of 
whom shall be an Associate over 26 years of age’ shall be 
substituted for the words ‘one of whom may be an 
Associate.’ ”’ 


Mr. F. D. Napier proposed, and Mr. H. Norman Gray seconded 


an amendment— 
** That in the seventh line of Article 34 the words ‘ one of 


whom may be an Associate over 26 years of age,’ shall be 


substituted for the words ‘one of whom may be an 
Associate.’ ” 


The Resolution was carried. 
Moved from the Chair and seconded by Mr. R. F. Krall— 


EXTRAORDINARY GENERAL MEETINGS. 467 


“That in the seventh and eighth lines of Article 84, the 
words ‘three of whom shall be under 26 years of age,’ 
shall be substituted for the words ' two of whom shall be 
under 21 years of age.’ ” 

Mr. B. T. King proposed and Mr. J. H. Pearson seconded an 
Amendment— 

“That in the seventh and eighth lines of Article 34, the 
words ‘ three of whom shall be under 23 years of age’ shall 
be substituted for the words ' two of whom shall be under 
2] years of аре.” ” 

The Amendment was carried. 
Moved from the Chair, and seconded by Mr. F. D. Napier— 

“ That in Article 59 the word ‘ November’ shall be substi- 
tuted for the word ‘ October.’ ”’ 

The Resolution was carried. 
Moved from the Chair and seconded by Mr. F. D. Napier— 

“That the operation of Article 87 be suspended until the 
Annual General Meeting to be held in the year 1913.” 

The Resolution was carried. 
Proposed by Mr. F. D. Napier, and seconded by Mr. W. A. 
Tookey— 
** That in the sixth line of Article 27, the words ‘ twenty-one ’ 
shall be substituted for the word ' fourteen.' "' 
The Resolution was carried. 
Proposed by Mr. F. D. Napier, and seconded by Mr. P. L. 
Young— 
'* That in the fifth line of Article 28, the word ‘ ten’ shall be 
substituted for the word ‘eight.’ ”’ 
The Resolution was carried. 
Proposed by Mr. F. D. Napier, and seconded by Mr. Ernest 
King— 

““ That in the fourth line of Article 29 the words ‘at least 
seven days before the Annual General Meeting’ shall be 
inserted after the words '' United Kingdom.” 

The Resolution was carried. 
Proposed by Mr. F. D. Napier, and seconded by Mr. R. F. 
Krall— 
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** That in the fifth line of Article 87 the word ‘ опе” shall be 
substituted for the word ‘two.’ ”’ 


Mr. J. N. Boot proposed, and Mr. P. L. Young seconded an 
Amendment— 


** That in the fifth line of Article 87 the word ‘ two’ remain 
as at present.’ "' 


The Amendment was carried. 


Mr. F. D. Napier proposed, and Mr. B. T. King seconded— 
‘ That the following Article shall be inserted after Article 
39, namely— 


' 89a. At any meeting of the Council, on the demand of 
two Members of Council present, the voting shall be by 
ballot, and in any ballot so demanded not more than five 
Past-Chairmen who have last held office shall be competent 
to vote.” 


Mr. R. Marshall proposed, and Mr. Spratling seconded an 
Amendment— 


* That the following Article shall be inserted after Article 
39, namely— 


'" At any meeting of Council at which more than five 
Past-Chairmen may be present, not more than five Past- 
Chairmen shall be allowed to vote. Such Past-Chairmen 
to ballot amongst themselves as to who shall vote."' 


The Amendment was lost and the Resolution was lost. 
Proposed by Mr. F. D. Napier and seconded by Mr. J. N. 
Boot— 

“ That in the fourth line of Article 51 the words “ағ least 
once monthly.’ shall be substituted for the word * periodic- 
ally.” 

The Resolution was lost. 


Mr. Napier proposed, and Mr. J. H. Pearson seconded— 
** That the words ‘ the Council's Annual Report shall contain 
a record of the dates of such meetings, together with the 
names of the attendants at these meetings! shall be added 
at the end of such article.” 
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Mr. J. N. Boot proposed, and Mr. R. Marshall seconded an 
Amendment— 

" That the words “Тһе Council’s Annual Report shall con- 
tain a record of the number of all Council and Committee 
Meetings, together with the names of the attendants at 
such meetings.’’ 

The Amendment was carried. 

The meeting then terminated with the announcement that an 
Extraordinary General Meeting would be convened, when the 
resolutions passed would be submitted for confirmation as special 
resolutions. 


An Extraordinary Generali Meeting of the Institution 
was held at the Institution offices, 89 Victoria Street, on Friday, 
the 12th day of July, 1912, the Chair being taken at 8.0 p.m. by 
the Chairman of the Institution, Mr. Walter T. Dunn. 

The Minutes of the previous meeting were read, confirmed and 
signed. 

On the motion of the Chairman, seconded by Mr. Geo. T. 
Bullock, the following resolutions, which were duly passed at 
the Extraordinary General Meeting held at the Royal United 
Service Institution, Whitehall, on Monday, 17th June, 1912, were 
duly confirmed. 

1. That the Articles of Association be altered in manner 
following :— 

(a) In the sixth line of Article 84 the word ‘‘twelve’’ shall be 
substituted for the word “‘eight.’’ 

(b) In the seventh line of Article 34 the words ‘‘(one of whom 
shall be an Associate over 26 years of age)’’ shall be 
substituted for the words ‘‘(one of whom may be an 
Associate). "' 

(c) In the seventh and eighth lines of Article 34 the words 
"three of whom shall be under 23 years of age” shall be 
substituted for the words ''two of whom shall be under 
21 years of аре.” 
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(d) In Article 59 the word “ November ” shall be substituted 
for the word ‘‘October.’’ 


2. That the operation of Article 87 be suspended until the 
Annual General Meeting to be held in the year 1913. 

3. That the Articles of Association be altered in manner 
following :— 


(e) In the sixth line of Article 27 the words ''twenty-one" 
shall be substituted for the word '' fourteen.” 

(f) In the fifth line of Article 28 the word ‘‘ten’’ shall be 
substituted for the word “eight.” 

(g) In the fourth line of Article 29 the words ‘‘at least seven 
days before the Annual General Meeting’’ shall be 
inserted after the words '' United Kingdom.” 

(7) The words “Тһе Council's Annual Report shall contain a 
record of the number of all Council and Committee 
Meetings, together with the names of the attendants at 
such meetings ”” shall be added at the end of Article 51. 


VISITS. 


THE WORKS OF THE ORCHESTRELLE COMPANY. 

The Ninth Visit of the Thirty-first Session took place on 
Friday, 17th May, to the works of the Orchestrelle Company at 
Hayes, the attendance being 55. The Orchestrelle Company, with 
its associated houses in America, France, Germany, Australia, etc., 
is one of the largest manufacturers of musical instruments extant. 
The most interesting feature of the visit was the manufacture of 
the '' Pianola,” the newest improvement of which is the Metro- 
style. This invention provides an exact guide to an artistic ren- 
dition. Attached to the tempo lever of the Pianola is a pointer 
with which the performer follows a thin, wavy, red line on the 
music roll. This line indicates the interpretation, and in its various 
curves and angles shows exactly how some authority plays the 
composition. The most delicate nuances are thus introduced, 
enabling even the person wholly without musical taste to play in 
the style of the master. Another improvement to the Pianola is 
the Themodist. This invention picks out and accents the vein 
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of melody, no matter where it may run over the keyboard. In 
many compositions, the notes which ought to be accentuated are 
involved in a maze of runs, trills, etc., all intended to be played 
much softer than the main theme. The Themodist effectively 
creates these contrasts in tone. 

The Pianola-Piano, as its name indicates, is a combination of 
a piano and a Pianola in one complex, compact instrument. When 
played by hand, there is nothing in its exterior appearance to dis- 
tinguish it from the usual form of upright piano. But, ir addi- 
tion, it contains within its case the Pianola with the Metrostyle 
and Themodist. Simply by inserting a perforated roll of music, 
the piano may be played without placing a finger on a key. The 
two instruments have been so ingeniously built into each other 
that when the Pianola mechanism is played, it would seem that 
they could never be separated. But close a sliding panel, fold 
back the pedals, and the Pianola has disappeared. Only the piano 
is there, ready for manual playing. The transformation takes but 
a few seconds, and in the same space of time the piano can be 
transformed back to a Pianola-Piano. 

Appreciation of the arrangements that had been made for show- 
ing the party round the works was expressed on behalf of the 
Institution by Mr. J. H. Pearson (Member of Council). 


С.Р.О. AVENUE TELEPHONE EXCHANGE. 


The Tenth Visit of the Thirty-first Session took place on 
Thursday evening, 23rd May, to the new Avenue Telephone Ex- 
change of the General Post Office, the attendance being 60. The 
new building is in Cree Church Lane, E.C., and a new 9,000-line 
40-volt switchboard has been installed by the Peel Conner Tele- 
phone Works, Ltd. 

The basement accommodates the main cable chamber, battery- 
room, stores, cloak-room for linemen, and heating chamber. On 
the ground floor is situate the test-room, in which are the main 
and intermediate distribution frames, relay racks, subscribers’ 
meter rack, power plant, test desks, and a room for engineering 
officers. The first floor is given up entirely to the operating staff. 

Under the test-room in the basement is the main-cable chamber. 
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At this point, by means of a shaft from the street, the cables enter 
the building. 

One of the most prominent features on the ground floor ts the 
main distributing frame, which extends over the greater part of 
the room; the frame is 11 ft. high and 46 ft. in length. Оп the 
line side 970 glass-tube fuse mountings, each for 40 fuses, are 
fitted ; on the exchange side each vertical is fitted with arrester 
bars equipped with heat coils and lightning protectors for 200 
circuits. The line verticals have a capacity for 19,800 lines ; the 
apparatus verticals provide for 9,000 subscribers’ and 4,800 junc- 
tion and miscellaneous circuits. 


Parallel to the main frame are the intermediate distributing 
frame and the relay and meter racks. 


The relay rack has a capacity for 9,000 line and cut relays, and 
1,200 miscellaneous relays and resistance spools. The meter rack 
is designed for the ultimate equipment of 9,000 lines. ° 


Situate at the east end of the test-room is the junction repeating 
coil and condenser rack, with a capacity for 1,728 coils and 3,456 
condensers. 


The fuse cabinet is provided with alarm fuses. Each fuse is 
equipped with a small block of porcelain fitted on a spring, which 
is kept in position by a fuse wire. When a fuse is blown, the 
porcelain falls forward and indicates the fuse at fault; simul- 
taneously a lamp glows at the head of the particular fuse-distri- 
bution strip ; in addition, the alarm bell rings. 


For the localisation of faults and the control of the staff engaged 
upon outdoor fault and maintenance work, a four-position test desk 
and a two-position fault clerk's desk are installed. 


The incoming junction switchboards are erected on the second 
floor, the present equipment consisting of 57 positions. 

On the third floor 128 subscribers’ answering positions are fitted. 
These boards are equipped with apparatus for dealing with all calls 
originating from subscribers connected to the Avenue Exchange. 

At the conclusion of the visit, the Secretary expressed the best 
thanks of the Institution for the arrangements that had been made 
for showing the members round the Exchange. 
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LONDON AERODROME AT HENDON. 

The Eleventh Visit of the Thirty-first Session took place 
on Wednesday evening, 19th June, to the London Aerodrome at 
Hendon, by permission of Mr. Claude Grahame-White. The 
attendance was 267. 

The party inspected several of the aeroplanes in the hangars 
and had the various details explained to them, and during the 
evening two exhibition flights were made for the benefit of the 
party. | 

At the conclusion of the visit the thanks of the Institution were 
expressed to Mr. Grahame-White by Mr. Percy L. Young (Vice- 
Chairman of the Institution), which Mr. Grahame-White acknow- 
ledged and extended to the Institution a further invitation to visit 
the Aerodrome when he hoped the climatic conditions would be 
more favourable for flying. 


WORES OF THE MARCONI WIRELESS TELEGRAPH 
CO. AT CHELMSFORD. 

The Tweifth Visit of the Thirty-first Session took place on 
Friday, 12th July, to the works of the Marconi Wireless Tele- 
graph Co., at Chelmsford, by the kind invitation of the President, 
Commendator G. Marconi, D.Sc., LL.D. The attendance was 87. 

Mr. C. Mitchell, the Works Manager, and Mr. H. M. Dowsett, 
received the party, who arrived about noon, and after a portion 
of the works had been inspected lunch was served in the new 
luncheon room. An important business engagement at Clifden, 
Ireland, where the high power station of the Marconi Company 
on this side of the Atlantic is situated, prevented Mr. Marconi 
attending, Captain H. Riall Sankey, R.E., one of the directors, 
presiding in his stead. 

The Chairman (Captain Sankey) said they all deeply regretted 
the absence of their President, but he was very pleased indeed to 
welcome the guests in his stead. They would no doubt be think- 
ing ‘‘ How well the directors did for themselves,” but later they 
would have an opportunity of seeing how the Company looked 
after the interests of the men. He hoped the visitors would 
thoroughly enjoy their visit. 
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The Chairman of the Institution (Mr. Walter T. Dunn) 
expressed the hearty thanks of the Junior Institution of Engineers 
to their President and the Marconi Company for allowing them to 
visit the works. It was a matter of intense regret that they had 
not their President with them, and he was sure Mr. Marconi felt 
it acutely himself. However, they were very glad to have Captain 
Sankey presiding over them, because he was well known by the 
Members of the Institution, and they regarded him as a great 
scientific man. The Marconi system had been looming largely in 
the public mind of late, and they could not help feeling intense 
gratitude to Mr. Marconi for his splendid invention. There was 
also the patriotic point of view. They had to maintain their 
Empire by means of a great fleet, but they also required a ready 
means of communication between the different parts of the 
Empire. If we were attacked at any point some means of rapid 
communication would be necessary, and that was provided by the 
system which they saw that day. With the approval of the 
members of the Institution, he would like the following 
Marconigram to be sent to their President :— 

“Тһе Members of the Junior Institution of Engineers desire to 
offer you their respectful and hearty congratulations on visiting 
the new Marconi Works, and wish you continued and increasing 
success. ”’ 

In conclusion, Mr. Dunn proposed the health of the Chairman. 

Musical honours having been accorded the sentiment, Captain 
Sankey, replying, undertook that the message should be sent to 
Mr. Marconi. Referring generally to the company, Captain 
Sankey said they had entered into contracts to build 28 wireless 
stations in the Empire, at £60,000 each. He did not know 
whether they would make much out of that, but they anticipated 
securing something out of the 10 per cent. of the gross receipts 
for 28 years. The Chairman then gave a few instructive remarks 
on the working of wireless telegraphy,* and eventually the mem- 
bers renewed their tour of inspection and witnessed several wire- 
less demonstrations, including the sending of the message to Mr. 
Marconi in Ireland. 


[* We hope to publish Captain Sankey's remarks on '' Wireless Telegraphy " in 
the next issue. —Ep.] 
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At the conclusion of the visit, the members were entertained to 
tea, when Mr. S. Bylander (Vice-Chairman of the Institution) 
proposed a hearty vote of thanks to the staff of the Company for 
their very efficient guidance over the works, to which Messrs. C. 
Mitchell and H. M. Dowsett replied. 

The following particulars of the works have been kindly sup- 
plied by the Marconi Company :— 

The present developments of wireless communications, 
although sufficiently striking, are, compared with what the future 
holds in store, merely in their infancy. How much this develop- 
ment is due to the enterprise of Marconi's Wireless Telegraph 
Company, Ltd., the student of contemporary events can have no 
difficulty in ascertaining. In 1898 the Marconi Company 
acquired a factory at Chelmsford, in Essex, for the manufacture 
of the apparatus covered by Mr. Marconi's patents. The Com- 
pany's business steadily expanded, and the works were enlarged 
from time to time to cope with the increasing business. For many 
months the Chelmsford factory had been kept at work night and 
day, but even this expedient did not enable it to cope with the 
continued increase of business. It was then decided early this 
year to erect new works capable of the output which is required. 
Ten acres of freehold land conveniently situated in Chelmsford 
were purchased whereon to erect new works, and they were in 
ful working order seventeen weeks later. The ground was 
pegged out on 10th February, the bricklaying was begun on 26th 
February, and the buildings, floors, and piping were practically 
completed early in May. In that time 23 million bricks were laid, 
400 tons of steelwork were erected, and 9,000 loads of earth were 
carted ; sewers were diverted, a well sunk, and the railway 
company's lines extended across a road and brought along a 
specially constructed siding. Some idea is thus obtained of the 
great task which lay before the architects (Messrs. Dunn and 
Watson) and the builders (Messrs. Cubitt and Co., Ltd.), who are 
both deserving of the highest praise for having successfully 
accomplished their tasks in record time. 

The site is alongside the Great Eastern Railway Company’s 
main line to Colchester, and is separated from their goods yard 
by New Street, but a connection is taken across the road to a 
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double siding which runs along one side of the works for the 
entire length, with a roadway between the two tracks. 

Fronting the street is a two-storey block, comprising general 
offices, showrooms, a large drawing office, and rooms for other 
purposes. This building is of brick with stone facings; its 
dimensions are 200 ft. long by 40 ft. wide, and it has a hand- 
some main entrance ornamented with stone carvings. Artificial 
heating is effected by low pressure hot water radiators, and the 
ground floor is constructed of tongued and grooved ash blocks laid 
over concrete. At one end of the office block is a separate build- 
ing with accommodation for a caretaker, mess rooms for the 
workpeople, and a large club room. Between the office block and 
the works buildings is an instrument test room of fireproof con- 
struction, with a flat concrete roof, and the main works build- 
ing measure 466 ft. in length by 150 ft. wide. The roof is in 
five 30 ft. spans of the saw tooth design, and the unglazed 
portions are covered with green slates on felt and match-boarding. 
The Rendle system of glazing has been adopted. The walls are 
of Fletton bricks inside and stock bricks outside. 

Two rail loading docks with turntables are provided in the 
packing department, and the siding equipment is furnished with 
two electric capstans and two weighbridges. 

The side of the works adjacent to the sidings is occupied by the 
power test room, the packing department, and the carpenters’ 
shop. Next to these departments are the finished parts and raw 
material stores, and a shop for riggers and tinsmiths. The raw 
material stores communicate with the machine shop, with the 
condenser and winding shop, and with the carpenters’ shop 
through serving windows, while the finished parts stores have 
the power test room on one side and the assembling and machine 
shops on the other. The flooring throughout is of interlocked 
ash blocks laid in pitch over concrete, except in the power test 
room, where a granolithic floor is provided owing to heavy 
machinery which has to be handled. This department is served 
by a five-ton three-motor overhead travelling crane, for which the 
runways extend over the loading docks in the packing depart- 
ment. The dimensions of other shops are as follows : assembling 
shop, 90 ft. square; machine shop, 187 ft. by 90 ft. ; condenser 
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and winding shop, 112 ft. by 90 ft. ; carpenters’ shop, 60 ft. by 
120 ft. All these shops are capable of being extended to double 
their present size, but the testing and packing departments and 
the stores will be large enough when these extensions have been 
made. | 

A water tower, carrying a tank of 8,000 gallons capacity, is 
built over the packing department for ordinary service and for the 
supply of the Grinnell sprinklers which are fitted throughout. 
This tank is filled from a borehole 400 ft. deep, extending into the 
chalk, and lined with 6 in. steel tubes to a depth of 333 ft. 

The shops are heated by low pressure hot water radiators, 
while some 65 wooden shafts give natural ventilation through the 
roofs. There is a power-house, 73 ft. by 38 ft., beyond the 
sidings, with a circular brick-stack 120 ft. in height by 4 ft. 44 in. 
in inside diameter at the top. A cooling pond for condensing pur- 
poses is provided close to the power-house, with a water surface 
area of 10,000 sq. ft., and a depth of 4 ft. The pond has been 
rendered water-tight by clay-puddle. 

Two masts, 450 ft. in height, with aerials between them, will be 
erected. These masts, which are 3 ft. in diameter, are built up of 
$ in. pressed steel plates, having four external flanged vertical 
joints to the round, with angle rings to connect the sections 
horizontally. There are five sets of insulated stays connected 
with four steel anchors. The anchors are set in 100-ton concrete 
blocks, at a radius of 220 ft., and the central foundation block 
weighs 120 tons. At present a temporary mast of similar con- 
struction has been erected. 


A LADY'S IMPRESSIONS OF THE VISIT TO THE 
WORES OF THE MARCONI WIRELESS TELEGRAPH 
COMPANY AT CHELMSFORD. 

Captain Sankey and the Chairman of the Institution, during 
the luncheon at the visit to the Works of the Marconi Wireless 
Telegraph Co., at Chelmsford, invited one of the ladies present 
to write her impressions of the visit, and Mrs. W. A. Tookey, at 
the special request of the Chairman of the Publications Com- 
mittee, has kindly done so ; we have much pleasure in publishing 
them :— | 
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During the visit of the Junior Institution of Engineers to the 
works of the Marconi Company, the statement was made that 


one of the ladies present was willing to record her impressions. 
This was a rather liberal interpretation of a desire not to be dis- 
obliging, when persuaded that a few lines from a feminine pen 
were really wished for. To inflict probably quite uninteresting 
thoughts upon unwary readers was not a thing one felt desirous 
of doing. Having sounded this note of warning, it may be said 
that the chief impression was, perhaps, that The Marconi Com- 
pany was to be congratulated upon the ability to dispense, to both 
mind and body, hospitality of such quality as was enjoyed by 
those present on that occasion. One could not but reflect whilst 
enjoying the ‘‘rare and refreshing fruit’’ at luncheon, that the 
fare provided for our mental digestion was of even daintier 
description, embodying as it did one of the most wonderful fruits 
of man’s endeavour. 


There could be but one impression made on all minds by the 
airy, light, and roomy workshops, and by the refinement of the 
dining and recreation rooms. Obviously, the lines of the 
employees of the Marconi Company had fallen in pleasant places, 
and one could but wish that all workers in factories could earn 
their bread under similar conditions. 


The kindly personality of Capt. Sankey speedily dispelled the 
disappointment felt at the unavoidable absence of the President, 
Mr. Marconi, and the explanation he gave of the principles of 
wireless telegraphy was, even to the lay mind, quite lucid. But, 
to eyes unaccustomed to workshops, the multitude of detail, and 
the patient, perfect workmanship that go to make the complete 
apparatus, were things to marvel at and to admire unreservedly. 


It was felt that, should women ever enter the field of electrical 
engineering, which to the best of the writer’s knowledge they 
have not yet done,* it would take many years for them to become 
accustomed to thinking in coils and wheels as it were. However, 
with women chauffeurs and aviators already with us, very 


[" It may be stated here that Mrs. Ayrton, widow of the lamented Professor 
W. E. Ayrton, an esteemed Vice-President of our Institution, is a Member 
of the Institution of Electrical Engineers, and has carried out important and 
valuable research work in connection with the electric arc.—Ep.] 
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probably time will show this impression to have been quite 
erroneous. 

Personally, one felt that it was preferable not to have to deal in 
daily work with anything so weird and impalpable as electricity. 
It was a relief to watch the spark gaps, and feel that here was 
something visible and audible, though far from tangible. 

Women are credited, as a rule, with greater faith and imagina- 
tion than men, but to one at least, it seemed almost unbelievable 
that the solitary and bare looking mast erected in the grounds, 
represented an actuality of great commercial value, and of such 
importance to the lives of men as was proved to be the case in 
the late unforgettable tragedy of the sea. 

This may have been due to the fact that the writer, owing to 
her connection with the electric telegraph, to which reference was 
made during the day, had used, as toys in childhood, sections of 
the very solidly realistic shore-end of the first Atlantic cable. It 
was perhaps but natural that it should add to the pleasure of an 
entirely delightful visit, to know that one's forebears had, by 
their pioneer work in compelling electricity to the service and 
uniting of mankind, laid the foundation of the great achievement 
upon which Mr. Marconi’s wonderful invention has set the 
coping-stone. 


BOOK REVIEW. 


“А Text Book of Theodolite Surveying and Levelling, for the 
use of Students in Land and Mine Surveying,’’ by James 

Park. (Second Edition.) Published by Griffin & Co. 
This is described on the cover as “а practical handbook.’ It 
does not seem to uphold either of these descriptions. If it is 
intended for the student, one would expect it to commence at the 
beginning of things, and, after explaining the apparatus, to show 
the principles upon which a survey is first set out, whereas here 
we get explanations for running traverses between trig. stations, 
and we have yet no data as to their nature, positions or distance 
apart. Further, for the student, mathematical statements should 


surely be correct, and yet we find such clumsiness as on page 
118, viz. :— 
r — 20,890,800 ft. — log 7.3199550. 
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In some cases also we have instances which are not the most 
common cases that can occur, as finding the area of a triangle 
given on page 86, where one formula only is given. 


The only part which is thoroughly practical is Chapter XIV., 
on Mine Surveying, and it is a pity that it is not a little more 
extensive, as this is obviously the pet part of the subject to the 
author. It might, however, explain suitable instruments, and 
show how the necessary sections and volumes are obtained. 
There are also no calculations of dip, strike, hade, shafts, 
tunnels, etc. 


To consider a few of the points noticed on a rough study of 
the book :— 

The sketch of the theodolite shows a bar compass, but no 
explanation is given as to finding a magnetic bearing with it. 

The method of traversing described is scarcely the kind required 
in English practice or quite new country, as it is the exception 
rather than the rule to work from a trig. station, unless for 
the Ordnance Survey Department. The beginner's first attempts 
usually consist of a detached run of road, line or land, and Gale's 
or the Back Angle method will probably be found best. The 
details given are full and explicit enough to anyone who 
already knows a bit about the subject, but it is doubtful if a 
beginner would follow them satisfactorily. From the practical 
point of view, too much stress is laid on trigonometric workings 
for the co-ordinates, and the traverse tables ignored. All through 
the book the student is given no guide as to the magnitude of the 
operations described—page 120 is an example. It is presumed 
also that he has a fair knowledge of chain surveying or he may be 
misled by Plate 1 on several points. 

On page 123 we have a paragraph on “ Defective Centering ” 
which is quite wrong. Error in centering the instrument at the 
observing station may or may not make any error in the observed 
angle. It will not make any error if the instrument is ‘‘on the 
circle." It would do so otherwise, but not to the amounts given. 
The errors specified refer to inaccuracies in sighting to the centre 
of the signal at the other end. 

On page 123 we have just been reading of spherical excess, 
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and yet on page 124 we are instructed to solve the triangle by 
plane trigonometry. Again we are given no limits. 

The same remark also applies to the error of a '' few feet ’’ on 
page 135. 

On page 140 we are told to make two observations, one face 
right and the other face left, but these are not explained. The 
writer has known these instructions to be taken as meaning 
"read first with the right eye and then with the left." The index 
scorns to refer to such a small matter—in fact many of the points 
for which one would refer to the index are omitted from it. 

We keep on meeting disjointed paragraphs, with no connection 
with the matter immediately preceding or following it. For 
instance, we have spherical excess explained on page 123, an 
isolated table of it on page 141, and formule for solving triangles 
after correction on page 235. We also have the vernier described 
on page 4, and the micrometer, for no apparent reason, deferred 
to page 144. 

The astronomical part gives the formule fully enough, but the 
explanations seem out of order, and it requires considerable 
search to find any particular observation. The basis of the day 
is given only as an aside on page 163, and yet we have been 
reading about ‘‘mean solar days’’ and others on page 160. 
Longitude really gets scant treatment, and no details are given as 
to choice of methods, or the usual methods, or the limits of 
accuracy in any method. 

Azimuth would appear to be only a heavenly term, and yet it 
is quite correct to speak of the azimuth of a terrestrial line, taking 
it as the angle it makes with a meridian at any point (in fact 
magnetic bearings are such azimuths), when a line on constant 
azimuth will be either a spiral or a parallel of latitude. The 
importance of noting the optical nature of the telescope for 
astronomical work is not emphasised, but from the practical 
point of view this is one of the first considerations, as the image 
may be inverted. 

In levelling, some very elementary but very important instruc- 
tions are omitted, such, for instance, as that of equalising the 
back and fore sights. 

The notes on stadia work are absurdly brief, and, in the writer’s 


482 CORRESPONDENCE. 


opinion, a little knowledge in such matters is worse than none at 
all. 

The remarks on setting out curves demand more treatment in 
a ''practical handbook." Тһе proper starting point would 
logically seem to be the directions of two straights and a fixed 
radius. 

Why, indeed, connect levelling with theodolite work and omit 
altogether the problems of plane tabling, which are but graphic 
solutions of the survey, and give such cursory notice to tacheo- 
metrv, curves, and other trigonometric work? 

The reader will judge that to a critic, out to find fault, this 
book proves a veritable glory hole, and, indeed, but a few of the 
points have been mentioned that might have been had space per- 
mitted. The explanations are quite lucid to anyone who already 
knows his subject, but the points dealt with would appear to be 
limited to the syllabus of some definite college course, and no 
doubt for that purpose, with a little more care, it might quite 
serye its turn, but without the assistance of personal explanations 
oy a tutor it would be difficult to imagine anyone trying to make 
himself a proficient trigonometrical surveyor by its study. 

J. B. K. 


CORRESPONDENCE. 


4 Wavertree Road, 
Streatham Hill, S.W. 


20th July, 1912. 
Dear Mr. Swales— 


To-day's South African mail brought two letters from R. W. 
Newman, which I enclose, containing news of the death of 
Francis Humphrey Wedge, one of our earliest members, having 
joined the Institution in 1890. 

Those who were present at the visit to H.M.S. '' Thunderer," 
at Dagenham, last December, and especially those who joined, 
.on arriving back in London, in lunching together, will remember 
that Wedge was one of the party. He was also one of the visit- 
ing brethren at the February meeting of our Lodge, and spoke 
with much feeling of our great brotherhood. Our customary 
10 o'clock toast of ‘‘ Absent Members "' seemed to go right home 
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to him. Не sailed a few days afterwards for East London, alas 
never to return to the old country he loved so well, and where I 
know he intended spending his last years amongst his old friends. 
‘Twilight and evening bell, 
And after that the dark! 


And may there be no sadness of farewell 
When I embark ; 


For tho’ from out our bourne of Time and Place 
The flood may bear me far, 

I hope to see my Pilot face to face 
When I have crost the bar.’’ 

I will not attempt to express what I felt on hearing of our 
friend’s departure, nor to indite a tribute to his character and 
life. Newman, who knew him better than I did, does that in 
his letters, which I suggest should be published in the next issue 


of our Journal. 
Yours very truly, 
WALTER T. Dunn, Chairman. 


Cradock, South African Union, 
Irrigation Dept., P.O. Box, 40. 
26th June, 1912. 
My dear Dunn— 

You will be sorry to hear of the sudden death, on 19th June, 
of F. H. Wedge, of East London. I have not yet heard the 
cause of his death. Only last March I met him in Port Elizabeth 
on the same day he landed after a trip to England. His first 
words were, I have seen ‘‘ old Dunn,’’ and went to some meetings 
of the '' Juniors," going on to speak in glowing terms of the 
work of the Institution. We had not met since. 

He will be much missed out here; was head of the firm of 
Mallett & Co., Engineers and Founders, and had specialised in 
flour milling, on which his opinion was much sought after. 

He was a worker, had built up a very sound business, and 
had recently secured work in all the provinces of the Union in 
connection with flour milling. I personally shall miss him very 
much ; we did not often meet, but when we did the Juniors 
always were one of the topics of discussion. 

Kindest regards, 


Yours sincerely, 
R. W. NEWMAN. 
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Palmerston Hotel, Port Elizabeth, 
South Africa. 


30th June, 1912. 
Dear Dunn— 


Further to mine re Wedge, I have just seen his partner, 
who tells me that on 14th June he went to hospital for an opera- 
tion for appendicitis; the operation was carried out, but septic 
poisoning set in, and he died on the 19th. 

He was J.W. of his Lodge, and was given probably the finest 
Masonic funeral ever seen in East London. 

Wedge was a real good sort, respected by everyone—a 
'* Junior " to be proud of. 

Kindest regards, 
Yours sincerely, 
R. W. NEWMAN. 


Municipal Work at Akgab, Burma. 


H. M. Govan (Member), Engineer and Secretary of the Muni- 
cipality of Akgab, Arracan, Burma, writes :— 


I have been very busy since my return in October last, as, in 
addition to the ordinary administrative duties, I have had a large 
extension of the distribution mains of the water supply to carry 
out—in all, about 73 miles. The labourers and fitters here are all 
absolutely inexperienced, and have practically to be trained as we 
go along. The original scheme, which consists of a large reser- 
voir, three miles out of town, filled entirely by the heavy rainfall 
of over 200 in. in the four of five months of the rains, and a distri- 
bution main of thin steel and cast-iron pipes, with street hydrants, 
as well as private-house connections, was also carried out under 
my charge, with the sanction of the Government of Burma. At 
the completion of the work, which was successfully carried out, 
I am proud to say I was creditably mentioned by the Government 
of Burma. 

I write these few lines as I know you are interested in the doings 


of such of our members as are toiling under tropical suns, as well 
as those at home. 
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“NOTES ON CONDENSING PLANT, WITH 
SPECIAL REFERENCE TO THE INFLUENCE 
OF AIR,” 

By JOHN McKENZIE NEWTON. 


The following notes are written chiefly to emphasize the 
great influence of air on the performance of condensing 
plants. After discussing the gain to be expected through 
condensing, and the ideal vacuum possible under given con- 
ditions of cooling water supply, the effect of air in reducing 
this ideal vacuum is considered, and the sources from which air 
finds its way into condensers. The leading characteristics of the 
various types of condensers are then shortly described ; and in 
conclusion, the air pump capacities required by different con- 
densers working under identical conditions are calculated for 
some special cases. 


The addition to the steam engine of a condenser as a new organ 
constitutes Watt’s first and greatest invention. 

Watt’s first experimental condenser was of the type now dis- 
tinguished as a surface condenser, an air pump being added to 
withdraw the condensed steam and any air introduced with the 
steam or by leakage. Watt describes this condenser thus :— 

““Тһе condenser used upon this occasion consisted of two pipes 
of thin tin-plate, 10 or 12 in. long, and about 4 in. diameter, stand- 
ing perpendicular, and communicating at top with a short hori- 
zontal pipe of large diameter, having an aperture on its upper side 
which was shut by a valve opening upwards. These pipes were 
joined at bottom to another perpendicular pipe of about an inch 
diameter, which served for the air and water pump ; and both the 
condensing pipes and the air pump were placed in a small cistern 
filled with cold water... . 

“И was found convenient afterwards to change the pipe con- 
denser for an empty vessel, generally of a cylindrical form, into 
which an injection played, and in consequence of there being more 
water and air to extract to enlarge the air pump. The change 
was made, because, in order to procure a surface sufficiently exten- 
Sive to condense the steam of a large engine, the pipe condenser 
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would require to be made very voluminous, and because the bad 
water with which engines are frequently supplied would crust over 
the thin plates, and prevent their conveying the heat sufhciently 
quick.” 

Thus, at the very introduction of the condenser we find the two 
main types—surface condensers and jet condensers—already in 
every essential respect similar to those used to-day. 

In recent years, the epoch-making work of Sir Charles Parsons 
on the steam turbine has placed before engineers a prime mover 
capable of using efficiently the highest practicable vacua ; and so 
has stimulated condenser design in the direction of gaining higher 
vacua, and of making condensers for a given duty cheaper and 
smaller, and more economical in the consumption of cooling water 
and power. 

By means of the condenser the heat necessarily contained in the 
steam exhausting from an engine is transferred to a cooling 
medium, which in practice is always water ; and this heat, being 
thus rejected at a lower temperature than would otherwise be 
possible, the range of temperature of the working fluid in the 
engine and (in consequence) the thermodynamic efficiency of the 
engine are increased. 

The possible gain through condensing is set out graphically in 
Fig. 1. Curve A B gives the total heat in British thermal units 
per lb. of steam which a perfect engine could convert into work, 
exhausting at any vacuum from 0 to 29 in., and supplied with 
saturated steam at a pressure of 200 Ib. per sq. in. absolute. From 
the curve we see that non-condensing the heat available is 189.5 
B.Th.U. per lb. 

At 28 in. vacuum the heat available is 336 B. Th.U. per lb., an 
increase of 77.5 per cent. ; at 29 in., 368 B. Th.U. per 1Ь., showing 
an increase from 28 in. to 29 in. of 9.5 per cent. 

Similarly, curve C D shows the heat available for conversion 
into mechanical work, starting with an initial pressure of 100 Ib. 
per sq. in., while curve ЕЕ corresponds to an initial pressure 
of 15 lb. per sq. in. absolute—the condition in which generally 
steam is supplied to an exhaust turbine. 

Taking curve E F, increasing the vacuum from 28 in. to 29 in. 
shows a gain of 36 B.Th.U. per lb. — 21 per cent.—a rate more 
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than double that with the high-pressure steam. These curves 
exhibit very clearly the extraordinarily rapid gain which comes 
of increasing the vacuum, especially towards the latter end of the 
scale. This gain, however, is invariably accompanied by, and, 
indeed, is a result of, the very great expansion which steam 
undergoes at very low pressures, and which is shown by curve 
GH (Fig. 1), which exhibits the volume in cubic feet occupied by 
llb. of steam at various vacua. 

It is common knowledge that the reciprocating steam engine 
shows practically no improvement in economy with increasing 
vacua after comparatively low vacua (frequently lying between 
25 in. and 27 in. of mercury) are exceeded. This fact finds its 
explanation in the practical impossibility to make either the low- 
pressure cylinder or the valve passages sufficiently large to deal 
with the huge volume assumed by steam at very low pressures. 
Each of these two limitations cuts down the efficiency in its own 
way. Too small a cylinder renders the expansion incomplete ; it 
cuts off the toe of the diagram. On the other hand, too small 
valve passages result in an appreciable drop in pressure between 
the cylinder and the condenser, this drop being represented by the 
friction work done on the steam in forcing it through the valve 
passages. It is, of course, the vacuum which actually obtains in 
the cylinder which influences the efficiency, and if, after a certain 
vacuum is reached, further increments of vacuum are wholly 
employed to accelerate the greater volume of steam through the 
exhaust passages, no alteration in the steam consumption of the 
engine is effected. This critical vacuum depends on the type and 
design of the engine, and is usually higher in slow-speed engines 
having separate steam and exhaust valves than in high-speed 
Piston-valve engines. 


It was stated in “ Engineering ” 


some vears ago that in one 
of the largest German Atlantic liners with a vacuum in the con- 
denser of 27 in., the vacuum in the low pressure cylinder never 
exceeded about 23 in. Апа in high-speed engines it is quite 
common to find the vacuum shown on the low pressure cylinder 
indicator card to be 20 in. at full load, while the condenser vacuum 
is 25 in. or 26 in. 


To sum up, the general consensus of opinion among engineers 
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is that it seldom pays to design a condensing plant for a recipro- 
cating engine to give more than about 26 in. vacuum. 

With the steam turbine, conditions are very different: there is 
nothing analogous to incomplete expansion, until the speed of the 
steam issuing from the last row of blades exceeds the critical 
speed—about 1,500 ft. per second—in which case further expan- 
sion takes place after the steam has left the blades. But this case 
practically never occurs. 

On the other hand, if the exhaust blades of the turbine are 
unduly small, the steam leaving these blades, though moving 
more slowly than the critical speed, may yet carry away as kinetic 
energy an important proportion of the heat supplied to the 
turbine. 

If c be the velocity of the steam leaving the last row of blades 
in feet per second, the corresponding energy lost in B.Th.U. 


q EM 


so that for speeds of 224, 448, 672, 896 ft. per second, q is 
respectively 1, 4, 9 and 16 B. Th.U. per pound. 

Further, if the exhaust passages be too small, there is a drop of 
pressure between the last row of blades and the condenser, exactly 
analogous to that occurring in a reciprocating engine between the 
low pressure cylinder and condenser. 

Thus the behaviour of a steam turbine under increasing 
vacuum depends (like the reciprocating engine) on whether its 
exhaust end has been designed liberally or meanly. But since the 
turbine exhaust is generally a short and simple pipe free from 
any moving valves, it is very much easier to make it suitable for 
passing a large volume of steam ; and in practice it is found that 
generally the steam consumption of a turbine keeps nearly pro- 
portional to that of a perfect turbine until a vacuum of 28 in. or 
more is reached. 

Translated into commercial terms, this means that the vacuum 
at which it pays to work a turbine is limited only by the cost of 
obtaining that vacuum, and not by the characteristics of the 
turbine. 

Apart from the capital cost of a condensing plant, the chief 
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cost of maintaining a given vacuum consists in pumping the 
circulating water, while the attainable vacuum depends chiefly on 
the temperature and quantity of cooling water and on the quantity 
of air introduced into the condenser. 

The quantity of water circulated per 1 Ib. of steam condensed 
generally varies between the limits of 35 to 70 1Ь.; from 50 to 
70 lb. per 1 lb. of steam being the more common in turbine 
condensers. 

The heat yielded by the steam is very nearly its latent heat— 
a quantity varying slightly with the vacuum, but which in con- 
denser calculations is generally assumed to have the constant 
value 1,050 B. Th.U. per lb., a value which is generally on the safe 
side. 

If W be the weight of steam condensed, and Q that of the 
cooling water Circulated through the condenser, both in lbs. per 
hour, the cooling water leaves the condenser at temperature, to, 
given by the equation 


rostig 5000 


where t i is the inlet temperature, measured in degrees Fahrenheit. 

Absolutely the highest vacuum possible in any case is the vapour 
pressure of water at the temperature to. If any air is present, 
the vacuum is reduced below the above value by the partial pres- 
sure of the air in the condenser, which, in turn, depends on the 
quantity of air entering the condenser in relation to the displace- 
ment of the air pump. The ideal vacuum possible in air-free con- 
densers is set forth in Fig. 2 for various temperatures of supply 
{t i) and varying quantities, expressed as so many pounds per pound 
of steam condensed (Q/W), of cooling water. In the figure, each 
curve applies to one special temperature of cooling water supply. 
It will be noticed that all the curves have the same general shape ; 
that for the highest vacua, a low temperature of cooling water (t i) 
is more important than a copious supply (Q/W), and, taking any 
one curve, increasing the quantity Q/W improves appreciably the 
vacuum for the smaller values of Q/W, but that for values of 
Q/W above 70, the rate of improvement in the vacuum becomes 
very slow. In most of the ordinary cases which occur in turbine 
practice, if the gain from the extra vacuum be compared with the 
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cost of pumping, it will be found that it pays to circulate cooling 
water up to 50 or 70 times the feed. Some such figure is generally 
chosen as a starting point by a designer engaged in fixing the 
proportions of a condenser to meet any given duty. 

A large steam power-station requires to circulate large quan- 
tities of water through its condensers, and it is always an advan- 
tage to choose the site of the station where a low-temperature 
supply is available, such as the bank of a river or canal or by 
the sea. 

But if such a site is not available, a supply of cooling water 
quite suitable for condensers may be obtained by using cooling 
towers or spray nozzles to cool the water discharged from the con- 
denser. The cooling takes place chiefly by evaporation of a small 
portion of the cooling water, generally equal to from 60 to 80 per 
cent. of the weight of steam condensed. By this means, with suit- 
able addition to make up for the water evaporated, the same cool- 
ing water may be circulated repeatedly through the condenser and 
cooling plant, the cooled water having an average temperature 
throughout the year, which depends chiefly on the capacity of the 
cooling plant, but which may easily be made as low as 75 deg. 
to 80 deg. F. 

In this country, the sea or river water has a temperature in 
winter іп the region of 40 deg. Е. ; in summer it may rise to 
60 deg. F., or in very hot summers even higher. The tempera- 
ture of canal water varies so greatly that no rule can be given. 
In a hot season, when, water being scarce, there is a very sluggish 
current flowing down the canal, and in any industrial district where 
a series of works are discharging hot water into the canal, the 
temperature may rise easily to 90 deg., or even 100 deg. F. On 
the other hand, in winter, in the higher reaches, canals are 
frequently frozen. 

In the tropics, the average temperature throughout the year of 
sea water seldom exceeds 85 deg. F. In this country, an average 
temperature of cooling water not exceeding 80 deg. F. can 
generally be relied on, and reference to Fig. 2 shows that taking 
water at this temperature and Q/W = 70, a vacuum of 28.34 in. 
is possible. If air present in the condenser has a partial pressure 
of .34 in., then a vacuum of 28.34 — .34 = 28 in. will be obtained. 
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Similarly for water at 60 deg. F. апа Q/W = 70, a vacuum of 
29 in. will be got, provided the partial of air in the condenser is 
equal to .125 in., while if the quantity of Q/W is reduced to 60, 
the partial pressure of the air must not exceed .05 in. if the same 
vacuum is to be maintained. 

Air is introduced into a condenser in the following ways :— 

(1) With the steam, having entered the boiler dissolved in the 
feed water ; 

(2) By leakage from the atmosphere into the condenser and 
connected vacuous spaces ; 

(3) In jet condensers, in solution in the feed water. 

Air introduced under causes (1) and (2) can be reduced to very 
small quantities, but (3) is quite beyond control; hence, for the 
highest vacua, surface condensers are much superior to jet 
condensers. 

(1) Water leaving a surface condenser is in a very air-free state, 
and if the same water is fed into the boiler without agitation in, 
or prolonged exposure to, the atmosphere, air introduced by the 
boiler feed is reduced to a negligible quantity. 

(2) Leakage of air into the vacuum space comes from badly 
made joints, and more rarely from porous castings. Spindle 
glands subject to vacuum should always be suspected, and, if 
possible, water- or steam-sealed, as should be any relief valves con- 
nected to vacuous spaces. Frequently it occurs that, special care 
being taken with the main joints, these are perfectly tight, while 
quite small and apparently insignificant joints, such as pressure- 
gauge connections, admit sufficient air to reduce the efficiency of 
the whole plant by several per cent. 

Where the volumetric capacity of the air pumps is known (as 
it always is sufficiently nearly with reciprocating air pumps), the 
total quantity of air extracted from the condenser can be got at 
once by noting also its partial pressure and temperature. Take, 
for instance, the condenser attached to the Brush turbine, of which 
the steam-consumption trials conducted by Mr. G. B. Storie, 
M.Inst.Mech.E., were published in '' Engineering." * There, 
8,200 Ib. of steam per hour were condensed, and the temperature 


* Feb. 26th, 1909. 
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of the steam entering the condenser was 92 deg. F., corresponding 
to a vapour pressure of .741 Ib. per sq. in., or 1.508 in. of mercury ; 
the temperature of air-pump suction was 85 deg. F., corresponding 
to a vapour pressure of .594 lb. per sq. in. or 1.209 in. The 
difference between these pressures (namely, .147 lb. per sq. in.) is 
the partial pressure of the air in the air-pump suction. The calcu- 
lated displacement of the air pumps is given as 188 cub. ft. per 
min. The only unknown quantity is the volumetric efficiency of 
the air pumps. Assuming this to be about .8, we can apply Boyle & 
Charles’ Laws to calculate the volume of air discharged per minute, 
reduced to standard conditions of pressure and temperature— 
namely, 14.7 lb. per sq. іп. and 82 deg. Е. 


Calling this volume V, 


147, 460 + 82 
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= 1 cub. ft. per min. 


The weight of air discharged per minute is, therefore, 
1 x .0809 = .0809 lb. ; or, per hour, 4.85 Ib. 


This question is of such importance that no excuse is needed 
for quoting another and very instructive case. А surface con- 
denser of 800 sq. ft. taking steam from a turbine gave the follow- 
ing readings just after erection when condensing 6,500 Ib. of steam 
per hour and supplied with 500 galls. per min. of cooling water 
at 52 deg. Е. :— 


Temperature of exhaust steam entering соп- 


denser .. "s кы А .. 102 deg. F. 
Temperature of air-pump suction ... ... 65 deg. F. 
Temperature of cooling-water outlet ... 78 deg. Е. 
Power taken by condensing plant — ...  18.8kw. 


Here the partial pressure of the air is .70 lb. per sq. in., and, 
the air-pump displacement being 116 cub. ft. per min., calculating 
as before, we find the weight of air discharged to be 20 lb. per 
hour. 


This was much too high a figure, and, on search being made, 
a few pinhole leaks were found on the copper bellows pipe con- 
necting turbine and condenser. These leaks were stopped, and 
the following test results obtained :— 
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Weight of steam condensed ... 6,600 Ib. per hour. 
Cooling water, quantity... ... 880 galls. per min. 

T temperature, inlet 48 deg. F. 

- $5 outlet 80 deg. F. 
Exhaust steam temperature in 84 deg. F. 
Air-pump suction temperature .. 77 deg. F. 

Partial pressure of air ... з .11 Ib. per sq. in. 
*Air-pump displacement — ... ae 80 cub. ft. per min. 
Weight of air leaking per hour ... 2.1 lb. 


Power absorbed by condensing plant 6.6 kw. 
= 2 per cent. of turbine output. 


These figures are so much better than the previous set that it ts 
difficult to believe that they belong to the same condenser. The 
quantity of cooling water has been reduced by a third, the power 
taken by the condenser has been halved, the vacuum has improved 
by 2 in. (equivalent to about 43 per cent. reduction in the turbine- 
steam consumption), and the water leaving the condenser is 
18 deg. Е. hotter, i.e., it carries to the boiler 18 B.Th.U. per lb. 
more ; in short, the alteration represents an all-round improvement 
in the efficiency of the plant of not less than 7 per cent., all gained 
by stopping some quite small air leaks. In this case, no abnormal 
precautions were taken, yet the weight of air brought into the con- 
denser was reduced to nearly 2 lb. per hour. This figure is by 
no means а гесога. Prof. Josse states that on his 300-kw. Parsons 
turbine and condensing plant—a plant similar in size to the above 
—it is quite possible to keep down the air leakage to .25 kg. per 
hour — .55 lb. per hour. 


To sum up, it seems very safe to assume that in ordinary high- 
class work air leakage should not exceed 4 lb. for each 10,000 Ib. 
of steam condensed. 


For air leaks of this order of magnitude, the time-honoured 
method of searching for them by means of a candle is quite useless. 
The crevices are much too small for the draught to affect a candle 
flame. The only method of any use is to fill the plant up with 
water and note where leakages occur. The air-pump discharge 
branch should be closed by a blank flange, and the whole system 


*In this test the air pump was run more slowly. 
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subject to vacuum—air pumps, condenser, and exhaust pipe—filled 
with water as high as possible, which, in the case of turbines, is 
generally up to the main shaft glands. It 15 not necessary to apply 
any pressure. The test is exceedingly simple, and fortunately it 
is almost infallible. Water will drip from every leak, however 
small. These should be carefully marked with chalk, and, the 
water being emptied, they can then be stopped. 


(8) The air dissolved in the cooling water has no direct effect 
on the efficiency of surface condensers, but its influence on the 
vacuum of jet condensers is very considerable. The volume of air 
at atmospheric pressure dissolved in fresh water is given by 
Morrow & Dixon * as from 5 to 20 per cent. of the water volume, 
while Seaton gives 5 per cent. for sea water. In the calculations 
which follow, the lower figure of 5 per cent. will be assumed. 

Before comparing the air-pump displacement required by the 
various types of condensing plant, it may be well, without going 
into detail, to touch on and contrast their characteristic features :— 


(1) The Parallel Flow Jet Condenser is the early form of jet 
condenser ; and many thousands of examples of this type are 
still at work, generally in connection with mill engines, the air 
pump being generally single-acting, driven by side levers from 
one of the crossheads. The exhaust steam entering the con- 
denser is met with a spray of the injection or cooling water, 
which is sucked into the condenser by the vacuum; and the 
condensed steam and cooling water are withdrawn along with 
the air and steam present by the air pump. The cooling water is 
raised in temperature by the latent heat of the steam, and it will 
be noticed that the air is withdrawn along with the heated cooling 
water. A more recent development in this type of condenser is 
to use a rotary combined water and air pump. 


(2) Counterflow Jet Condenser or Low Level Jet.—A great 
improvement was effected by withdrawing the air and water by 
separate pumps. The condenser can then be designed on the 
counterflow principle, in which steam enters near the point where 
the cooling water leaves the condenser. The air pump suction 
pipe is near the inlet of the cooling water, which is arranged to 


*'' Engineerin 2," 20th Nov., 1908. 
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fall over a series of saucer-shaped plates, past which the steam 
and air are drawn by the air pump, in the opposite direction, so 
that the steam entering the condenser meets the hottest water. 

By this arrangement, the air is withdrawn at the coolest part 
of the condenser, and, in consequence, a smaller air pump can be 
used and a better vacuum maintained than in the case of parallel 
flow jet condensers. In modern condensers, the pump used for 
withdrawing the water is nearly always a centrifugal pump, 
while the air-pump may be reciprocating or rotary. 

(3) Barometric Jet Condenser.—1f the water discharge pipe 
coming from a counterflow condenser has a vertical height of 
about 34 ft., the column of water will balance the atmospheric 
pressure, and water will flow freely from condenser without the 
intervention of a water pump. This type, called the Barometric 
Jet Condenser, was described though not used by Watt. Gener- 
ally, conditions are such that the discharge pipe cannot be made 
34 ft. long without raising the condenser proper to near the 
roof of the building, and the water supply level in this case is 
frequently such that it is necessary to pump it into the condenser, 
though the power consumed is less than that required to pump 
the same quantity of water out of an ordinary counterflow jet 
condenser. For in the former case, the vacuum helps the pump, 
in the latter case the pump has to pump against the vacuum. On 
the other hand, a long rising, and generally very ugly, exhaust 
steam pipe is commonly required in conjunction with barometric 
condensers. 

(4) In the Ejector Condenser no mechanical air pump is used. 
The condenser is made in the shape of a jet pump, in which the 
cooling water introduced in one or more jets forms the motive 
fluid, simultaneously condensing the steam and withdrawing the 
air. This type is probably the smallest, and, in first cost, the 
cheapest condenser; but there its advantages end. The water 
jets form very inefficient air pumps; and this condenser is very 
costly in power consumption, while the best attainable vacuum 
is considerably below that to be got with other types. 

(5) Surface Condenser.—All the preceding types have this in 
common, that the cooling water actually mixes with the con- 
densed steam ; in the surface condenser, the exhaust steam and 
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cooling water are kept entirely separate, the cooling water being 
confined inside a series of parallel brass tubes from $ in. to 1 in. 
diameter (the most usual size being $ in. outside diameter with 
a wall thickness of .048 in.), and any length from 2 or 3 to 15 or 
20 ft., while the steam condenses on the outside of the tubes. 
The condenser body consists of a shell of cast iron or wrought 
steel plates carrying branches for connecting the exhaust steam 
and air pump suction pipes. The tubes are secured in brass 
tube plates about 1 in. thick by a simple gland packing, which 
permits thermal expansion of the tubes to take place without 
undue resistance. Ву the use of suitable baffle plates fixed in the 
end covers, the tubes are generally divided into several nests or 


LR 


'" flows ’’ through which the cooling water passes in series. 

It is interesting to notice that one of Watt's reasons for reject- 
ing the surface condenser in favour of the jet condenser was 
because bad cooling water ‘‘would crust over the thin plates and 
prevent them conveying the heat sufficiently диск.” 

Since Watt used the same water as boiler feed, he merely 
transferred the dirt trouble from the condenser to the boiler ; but 
with a working pressure which in Watt's day never exceeded 
7 lb. per sq. in. above atmosphere, boiler troubles were not so 


serious as they proved afterwards with higher steam pressures. 
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With increasing steam pressures, a supply of pure and clean 
water for the boiler assumed an ever increasing importance. 
This fact first became pronounced in marine propulsion, where 
sea water though, from its abundance and coolness, an_ ideal 
condensing medium soon proved most unsuitable for boiler feed- 
ing ; and it led to the re-introduction of the surface condenser, 
which is now universally used on board ship. The boiler feed 
water then works practically in a closed circuit. Being evaporated 
in the boiler, it does work in the engine, and is condensed in the 
condenser and returned by the feed pump to the boiler. So 
important is the purity of the boiler feed considered in the Navy, 
that for many years no cylinder lubricant has been permitted, 
and the small amount of make up feed water required is distilled. 

It is beyond the limits of these notes to follow the consequences 
of contaminated boiler feed. It is sufficient to say that pure 
feed water reduces costs for cleaning and repairing boilers, 
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increases the efficiency and rate of evaporation, and reduces valve 
cutting and wear in the engme room: and it is not too much to 
say that the advantage resulting to the boiler house would alone 
justify the use of surface condensers had they no other advantage, 
which, however, is far from being the case. 

Air, entering a condenser from the sources already considered, 
expands to a volume, depending, among other things, on the 
type of condenser, which defines the necessary air pump capacitv. 
The size of air pump required is truly a characteristic of the 
condenser: and a fair comparison between different condensers 
can be made only when they are working under identical con- 
ditions of vacuum, rate of condensation, air leakage, and cooling 
water supply and temperature. 

The question being essentially a quantitative one, it is proposed 
to calculate the air-pump capacity required for different condensers, 
each to give 28 in. vacuum (barometer 30 in.) when condensing 
10,000 Ib. of steam per hour and suppled with 1,170 galls. per 
min. (= 187 cub. ft. per min.) of cooling water at 80 deg. F. 
containing in solution 5 per cent. by volume of air. The leakage 
of air into the vacuous spaces is taken in each case as 4 lb. per 
hour (= .067 Ib. per min.). Though the results apply only to 
the particular case considered, the method of calculation is general, 
and may be applied to any other case, while the results themselves 
are typical of those to be expected in other cases. 


In the case considered, Q/W = 10, and the volume of air 
carried in the cooling water is .05 x 187 = 9.35 cub. ft. per min. 
at atmospheric pressure and 80 deg. F. | 


The weight of 1 cub. ft. of air at normal temperature and pres- 
sure being .0809 Ib., the weight of air carried in the cooling water 
15:— 

460 + 82 


9:85 х 460 4- 80 x ‘0809 = “69 Ib. рег min. 


If it be assumed that the heat extracted from 1 1b. of the exhaust 
steam is 1,050 B. Th.U. in each case, the water leaves the condenser 
at the temperature 


1,050 


x = 95° Е, 
70 95 


to = 80 + 
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The absolute pressure corresponding to 28 in. vacuum is :— 
14:7 
80 


Referring to steam tables, we find the following water-vapour 
pressures :— 


(80—28) x = *98 lb. per sq. in. 


Water Temperature, Vapour Pressure, 
deg. F. lb. per sq. in. 
80 Sai 5 SA .505 | 
95 as 24% m .818 


Considering now a parallel flow jet condenser for the above duty, 
at the air-pump suction the temperature is 95 deg. F., the total 
pressure is .98 Ib. рег sq. in. ; the partial pressure of the steam 
present is .813 lb. per sq. in. Тһе partial pressure of the air 
present is, therefore, .98 — .818 = .167 Ib. per sq. in. The total 
weight of air to be removed by the pumps is .69 + .067 = .757 1b. 


per min. At the air-pump suction the volume occupied by this 
weight of air is :— 


"(51 x 14:7 ., 460 4- 95 


"0800 -167 460 + 82 

In addition to this volume of air, the air pump has to withdraw 

from the condenser the cooling water (187 cub. ft. per min.) and 
condensed steam (2.67 cub. ft. per min.). 


— 980 cub. ft. per min. 


If a volumetric efficiency of .8 be assumed, the required air- 
pump displacement is therefore : — 


сы гы ef = 1,400 cub. ft. per min. 

In the counterflow and barometric jet condensers, the tempera- 
ture, in the case considered, at the air-pump suction is 80 deg. F., 
corresponding to a vapour pressure of .505 lb. per sq. in. The 
partial pressure of the air is, therefore, .98 — .505 = .475 1b. per 
sq. in. As before, the total weight of air to be removed is .757 lb. 
рег min. The volume measured at the air pump is, therefore :— 


"57 147 460 + 80 _ i 
0809 * 175 160 1338 = 818 cub. ft. per min. 


In this case the air pump deals with no water, except (in pumps 
of certain types) a little sealing water to pack the clearance spaces. 
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Assuming, as before, a volumetric efficiency of .8, the air-pump 
capacity required is :— 
518 = 400 cub. ft. рег min. 

In the case of the surface condenser, the air to be dealt with is 
only .067 lb. per min., while its partial pressure depends on the 
temperature at which the condensed steam is drawn from the con- 
denser, which may vary between the limits of the cooling-water 
inlet temperature (80 deg. F.) and the exhaust-steam temperature 
(101.5 deg. F.). 

The partial pressure may thus vary between the limits of .475 lb. 
per sq. in. and zero ; and if any partial pressure be chosen within 
those limits, the air-pump capacity is at once fixed. 

For instance, if the condensed steam be withdrawn by the air 
pump at a temperature of 97 deg. F., corresponding to a water- 
vapour pressure of .864 ]b. per sq. in., the partial pressure of the 
air is .08 — .864 — .116 Ib. per sq. in., and the volume of air to 
be dealt with is :— 

‘067 У 147 ., 460 + 97 
‘0809 116 460 + 82 

The volume of water pumped is not more than 2.67 cub. ft. per 
min. (in a ‘‘ dry ’’ air pump it may be zero), and the required air- 
pump displacement is :— 

121-7 
'8 


— 119 cub. ft. per min. 


= 152 cub. ft. per min. 


By choosing a lower temperature of water discharge the partial | 
pressure of the air would be increased, and a smaller air pump 
might be used. There is thus a certain flexibility in the choice 
of an air pump to work in conjunction with a surface condenser ; 
and in practice the air pump capacity is generally fixed empirically 
in relation to the weight of steam condensed, the figure chosen 
being generaily from .6 to .9 cub ft. per Ib. of steam condensed. 
The example just given corresponds nearly to .9 cub. ft. per Ib. 
of steam condensed—a size far above the minimum possible. 

A liberally rated air pump, however, presents several advan- 
tages. It allows the condensed steam to be withdrawn at a high 
temperature, in relation to the vacuum ; by maintaining a 
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vigorous circulation on the steam side of the tubes it prevents 
the formation of air pockets, and thus enables a greater rate of 
condensation per square foot of tube surface to be maintained ; 
and it supplies a margin to deal with abnormal air leakage. 


The above results are shown in tabular form in Table 1. 


Table I. 
Counterflow 
Parallel 
T of Condenser. 27% ог baro- Surface. 
e flow jet. metric jet. 

Absolute pressure in condenser— 

Ibs. per sq. іп. ... sie ө "98 98 "98 
Water vapour pressure in air 

pump—lIbs. per sq. in. ... se 813 "505 "864 
Partial pressure of air іп air pump | 

—165. per sq. in. (line 2—line 3) "167 "475 "116 
Temperature of air in air pump— 

E. i sus vis 2% 95 80 97 
Weight of air removed by air 

pumps—lbs. per min. ... гъ "757 "757 "067 
Volume occupied by the air at air 

pump suction—cub. ft. per min. 930 318 121°7 
Volume of water pumped by air 

pump—cub. ft. per min. is 190 — 2°67 
Air pump displacement— 

cub. ft. per min. к 1,400 400 152 
Temperature of condensed steam 

--“Е. bes ous sus 55% 95 95 97 


Тһе figures show ап advantage so strikingly іп favour of the 
surface condenser—for the cost of the pumps and the power taken 
to drive them is, to a first approximation at least, proportional 
to the displacement, that lest it might be said the particular case 
chosen was one to suit the surface condenser, Table IJ. has been 
calculated on exactly the same lines as Table I., but for a con- 
denser eo give a vacuum of 26 in., corresponding to an 
absolute pressure of 1.96 ib. per sq. in. when condensing 
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10,000 lb. of steam per hour, and supplied with 585 galls. рег 
min. of cooling water at 80 deg. F., containing in solution 5 per 
cent. by volume of air, i.e., Q/W = 85. As before, air leakage 
is taken at 4 Ib. per hour. 


Table II. 


Parallel Counterflow 


Type of Condenser. Row tet or baro- Surface. 
и et metric jet. 

Absolute pressure in condenser— 

lbs. per sq. in. ... oi — 1'96 1°96 1°96 
Water vapour pressure in air 

pump--lbs. per sq. in.... ... | 17271 "505 1'467 
Partial pressure of air in air pump 

—lbs. per sq. in. (line 2—line 3) '639 1'455 "493 
Temperature of air іп air pump— 

К | 82% eee гав 110 8о 115 
Weight of air removed by air 

pumps lbs. per min. ... У "412 "412 "067 
Volume occupied by air at air 

pump suction—cub. ft. per min. 126 56°5 29 
Volume of water pumped by air 

pump—cub. ft. per min. A 96 — 2°7 
Air pump displacement— 

cub, ft. per min. ... ... 280 71 40 
Temperature of condensed steam 

— °F. sais des 255 54% 110 110 115 


The figures in Table II. confirm those of Table I. in exhibiting 
the marked superiority of the counterflow jet condenser over the 
Parallel flow jet condenser, and of the surface condenser over 
both, whether the vacuum be near the highest commercially 
Practicable for the temperature of cooling water supply as is 
28 in. for 80 deg. F. or much lower, e.g., 26 in. with 80 deg. F. 
water. They also indicate that at the highest vacua the 
Superiority of the surface condenser becomes most pronounced. 

The temperature at which the condensed steam is withdrawn 
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from the condenser is highest in the case of the surface condenser, 
being in Table I. within 44 deg. F., and in Table II. within 
11 deg. F. of the exhaust steam temperature. In practice, 
many surface condensers display greater differences than these ; 
and many attempts, based on mistaken diagnosis, have been 
made to obtain the condensed water at a temperature close to the 
exhaust steam temperature by structural alterations to the con- 
denser. These, however, generally defeat their own end, and 
they are quite unnecessary. One common theory is that the con- 
densed water is cooled by the lower layers of tubes, and that this 
must be prevented. Now if no air were present in the condenser, 
such cooled water would immediately absorb steam until its 
temperature became equal to that of the exhaust steam, and it is 
only in the presence of air that it is possible to cool the condensed 
steam below the temperature of the exhaust steam entering the 
condenser. The remarkable test readings given earlier in these 
notes are sufhcient proof of this statement ; and if a high tem- 
perature of the water of condensation is desired, the one necessary 
and sufficient remedy is to search for and stop air leakage. 
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EVENTS. 


Sanitary Inspectors’ Association, Twenty-Seventh Annual 
Conference at Sheffield. 


British Association at Dundee. 
Membership Committee, 6.30 p.m.; Council Meeting, 8 p.m. 


Sanitary Inspectors’ Association, Annual Meeting at Sheffield. 
Institution of Sanitary Engineers. Visit Central London 
Railway Depót at Shepherd's Bush. 


Institution of Mining Engineers, Annual General Meeting at 
Birmingham. 

Finance Committee, 7 p.m. 

London Geologists Association. Excursion to Scotland. 


Institution of Sanitary Engineers, Visit to Destructor Works 
at Kensington. 


Visit the Works of Messrs. R. Waygood & бо» Ltd., at 
Falmouth Road, 6 p.m. 


Annual Congress of the Sanitary Association of Scotland at 
Montrose. 


Publications Committee, 7 p.m. 
Institution of Municipal and County Engineers, Eastern 
District Meeting at Grays. 


Municipal Tramways Association, Annual Conference at 
West Ham. 
Institution of Metals, Autumn Meeting. 


Association of Managers of Sewage Disposal Works, Meeting, 
St. Albans. 


Iron and Steel Institute, Autumn Meeting at Leeds. 
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FROM THE 
September, 1912. 
STARTING PLATFORM. 
* OUR COAL There does not appear to be any necessity for 
SUPPLIES." alarm as to the early exhaustion of our coal 


supplies, or for any hasty legislation tending to check the industry 
on the score of national interests. A vast amount of capital is 
being expended in the opening up of new fields, involving a corre- 
sponding increase in employment ; and any short-sighted measures 
hampering and curtailing the full benefits arising therefrom for 
any such economic reason are upon all fours with a proposal that 
might have been made in the Stone Age limiting the production 
of flints, lest there should not, in years to come, be sufficient arrow- 
heads to go round. 


Assuming the coal resources now provided are equal to another 
300 or 400 years' life, allowing for progressive increase in the 
requirements of the nation, it may very well be that, long before 
that time expires, the use of coal as a source of heat and power 
wil be superseded. It is a matter of history that its use was 
forbidden by legal enactment іп the days of '' good Queen Bess,” 
and it is quite conceivable that history may repeat itself long before 
the exhaustion of the coalfields is in sight. 


It is well known what an enormous loss of power there is in 
the use of coal for nearly all purposes, and when this loss is applied 
to the thousands of tons of coal being burnt daily for the produc- 
tion of power, the total loss is appalling, and calls for the applica- 
tion of the acutest investigation and research to assist in its reduc- 
tion. 


It has been calculated that in Cleveland there is, in the blast 
furnaces of that district alone, a constant gas waste equivalent to 
60,000 h.p. per hour. This represents a yearly loss of nearly 
three-quarters of a million tons of coal in this district. The total 
available power from this source in the United Kingdom has been 
calculated at 1,190,000 i.h.p. years. If this power were fully 
utilised in displacing steam power consuming 3 lbs. of coal per 
i.h.p., then there would be a national saving of nearly 14 million 
tons of coal per annum. 
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This, however, is only one form of loss. Another, equally well 
known, is the waste continually going on in the combustion of 
coal in ordinary household fires. For every ton of coal burnt for 
the purpose of warming an apartment, even in the most economi- 
cally constructed open grate, it may safely be said there is very 
little useful effect obtained. The greater part of this loss, on com- 
bustion, is absorbed in the setting, or escapes up the chimney in 
the form of waste heat and unconsumed carbon in the form of 
smoke. Interesting figures have been published from time to time 
giving the horse-power going daily to waste in this direction. The 
total waste is enormous, and the economy that may be effected 
to reduce this loss to its smallest proportion by the use of stoves, 
gas fires, radiators and other means, although fully realised by 
many people, is not yet realised sufficiently to induce the general 
adoption of smoke-preventing and coal-economising methods. 
The domestic consumption of coal in the United Kingdom is 
between 15 and 20 per cent. of the annual output, or, in round 
figures, from 40 to 50 million tons. The saving that might be 
effected as between heating by open grates and by central heating 
by means of hot-water pipes, stoves or radiators was claimed, in 
evidence before the Royal Coal Commission, to be 50 per cent. if 
central heating could be universally adopted, after allowing for 
the open fire being still used, but merely as supplementary to the 
central heating. | 

Seeing that the most that сап be expected in this direction, until 
coal gets dearer, or the general public appreciate sufficiently the 
large saving involved, is only a very partial adoption of stoves and 
radiators, the saving that may be looked for in this direction is 
not so great as the undoubted economy resulting from their use 
demands. | 

In addition to these and other sources of waste in the com- 
bustion of coal for power and heating purposes after it reaches the 
hands of the consumer, there are also considerable losses of our 
national reserves of coal in the operations attendant upon the 
wresting of the raw product from its bed. 

Many seams of coal, good in themselves, can only be worked 
at a considerable loss in yield per acre, by reason of the small coal 
not having coking properties, and therefore not being commer- 
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cially valuable, and difficult, if not impossible, to dispose of, the 
consequence being that the slack is left behind in the pit and buried, 
and so lost for ever. 

It must be borne in mind, however, that with modern improve- 
ments in coking appliances a good deal of small coal now finds 
its way into the market, for which some years ago there was no 
sale at all, and the waste from this source is diminishing, though 
still considerable. 

Another great source of loss during production arises from the 
separation of one part or layer of a seam of coal from another by 
the occurrence of bands of dirt preventing such separated part, 
in many cases, from being profitably worked ; and although this 
coal may be as good in quality as the portion actually worked, it 
has to be left behind for economic reasons, and is then an absolute 
loss. 

Many thousands of tons of coal, in addition, are lost annually 
by being left unworked in other ways, such as for supporting the 
roof, or on account of some slight inferiority in quality. 

It has been computed that the total waste underground amounts 
in round figures to 25 per cent. ; but, although it may correctly 
be described as waste in one sense, as, for instance, a loss to the 
nation, it cannot in another, inasmuch as the loss is sometimes 
unavoidable. The fact, however, remains that, generally speak- 
ing, there is a loss in working owing to the above reasons, and 
also to barriers and pillars of coal left under buildings, and to 
other causes amounting to about 25 per cent. of the theoretical 
gross yield. As the upper seams become exhausted and the work- 
ing of deeper seams becomes more general, it is confidently 
expected that this loss will be considerably reduced. 

An important factor which will naturally tend to reduce the 
losses underground in the working of coal is the greatly increased 
area required in connection with the laying out of the more modern 
and deeper collieries. Where the area of royalty was formerly 
measured in hundreds of acres, it is now measured in thousands, 
and it is no uncommon thing for individual collieries nowadays 
to have an area secured to them of from eight to ten square miles, 
and to draw from 2,000 to 3,000 tons per day. It will be readily 
seen that the working of coal upon this scale eliminates the many 
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sources of waste in barriers that were formerly left for the pro- 
tection of one property from the workings in an adjoining one, 
and also in pillars for the protection of buildings. In the deeper 
mines these are now being more generally worked out, allowing 
the surface to subside gradually, and minimising the damage that 
followed when the mines were nearer the surface. 


The use of mechanical coal cutters of various types, dependent 
upon the local conditions, is becoming general, and almost neces- 
sary, in the working upon any extensive scale of thin seams. 
These machines are operated by compressed air, and also by elec- 
tricity, and the advantages from their use are a larger output, a 
greater proportion of round coal, owing to less waste in cutting, 
and an even settlement of the roof behind the working face, owing 
to its more regular and rapid advance. 


The easterly extension of the coal field has already been proved 
to the theoretical easterly limit fixed by the former Royal Coal 
Commission of 1871. The Commission of 1901, upon the geologi- 
cal evidence submitted to them, extended that theoretical limit 
towards the east by many hundreds of square miles, and there 
are even to-day many who believe the easterly boundary of the coal- 
field will ultimately be found somewhere beneath the German 
Ocean, although this conclusion is not based upon geological 
evidence. 


The general results of the last Coal Commission inquiry show 
that although the coal output has been increasing continuously 
throughout the country since the date of the former inquiry, and 
coal to the extent of 5,695 millions of tons has been raised during 
that period, there has been such an extension of certain of the coal- 
fields beyond their previous assumed boundaries that there is still 
remaining 12 per cent. more coal than the previous estimate 
allowed—and this upon a very conservative estimate of the 
extended resources. 

A. CLIFFORD SWALES. 
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OBSERVATIONS 
IN GENERAL. 


The Institution’s heartiest congratulations to Past-President 
Sir John Fletcher Moulton, who succeeds to the position of Lord 
of Appeal in Ordinary and who has super-eminent qualifications 
for the position. There is no member of the Court of Appeal 
whose intellectual qualifications are so striking as those of 
Sir John Moulton. From his earliest days he has taken a leading 
position in any branch of intellectual effort to which he has cared 
to devote himself. In the Court of Appeal he has often differed 
from his colleagues, but he has usually justified his view by a 
closely reasoned and logical judgment which often seemed to be 
unanswerable. He was Senior Wrangler in 1868, and it is said 
that he received 7,634 marks, as against 4,123 placed to the credit 
of his next competitor. Such a difference between the first and 
second wrangler was probably then without precedent, and cer- 
tainly did not occur again after that date. In science his know- 
ledge gained him a Fellowship of the Royal Society, and in his 
enormous practice in patents he showed that he had an unrivalled 
knowledge of the applications of science to every branch of indus- 
try. At Cambridge, he was first Smith’s Prizeman, as well as 
Senior Wrangler. He became a barrister of the Middle Temple 
in 1874, and took silk eleven years later. His Parliamentary 
career began in 1885, when he won the Clapham Division of 
Battersea in the Liberal interest. He has since represented South 
Hackney and the Launceston Division of Cornwall. He has been 
elected three times on the Senate of the University of London, is 
an officer of the Legion of Honour, and a member of several Royal 
Commissions. 

* * * ж 4 + 


According to “ Civil Engineering,” а report of the deputation 
to the Road Board, arranged by the Association of Municipal 
Corporations, has been made to the Bristol City Council as 
follows: ‘‘ The objection of the Association to the policy of the 
Board was that, while considerable sums were being disbursed 
from the road improvement grant towards improving the road 


surfaces in rural areas, no money appeared to be available for 
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road improvements within the areas of municipal boroughs, and 
the object of the deputation was to discuss the matter with the 
Road Board and to endeavour to induce them to change their 
policy. The deputation was received by the Chairman (Sir 
George Gibb) and other members of the Road Board, and the case 
for the boroughs was presented by Mr. Fox (town clerk of 
Leeds). In reply, Sir George Gibb pointed out that at present the 
income of the Road Board was comparatively small, and he stated 
that the views of the Board were: That it was quite fair to give 
attention to the rural districts first, because there was no doubt 
that the rural roads, which were not constructed to carry motor 
trafic. were being rapidly destroyed, and the strengthening of 
the road surfaces was an urgent matter in order to avoid irrepar- 
able damage. On the other hand, municipal authorities were 
already bound at their own cost to maintain strong road surfaces 
in order to carry the normal traffic of their boroughs, and had 
therefore no claim on the road grant for that purpose. With 
regard to road widening, the Board intended each year to allocate 
a share of the grant towards this object in boroughs, but they 
were opposed to doling out the money simultaneously to a number 
of borough councils to assist the promotion of small schemes, 
on the ground that the amounts would be so small that no tangible 
good would result. They preferred to take up a single scheme 
each year, and to devote to it the bulk of the fund available for 
road-widening. They had accordingly selected London this year 
as being the most important place, and had agreed to contribute 
£875,000 towards the construction of a new road there, the esti- 
mated cost of which is £1,500,000. Having completed that 
scheme they would proceed to deal with other towns. 
* * + + + * 

The Improvements Committee of the London County Council 
support the proposed reconstruction of Lambeth Bridge. A Bill 
for the erection, at a cost of £240,000, of a new bridge 48 ft. wide 
was rejected by Parliament, the principal objection being that the 
gradients were too steep. Alternative schemes for steel bridges 
48 ft. and 60 ft. in width, with gradients of only 1 in 30, have 
been considered, but the estimated cost of these would be respec- 
tively, including provision for the removal of the old structure, 
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£430,000 and £490,000. If the projected widening of Horseferry 
Road were to be carried out immediately these estimates would be 
increased to £580,000 and £640,000 respectively. The Committee, 
being strongly of opinion that the original scheme adequately 
meets the purposes for which the bridge was required, and that 
the heavy additional expenditure necessary to modify the proposal 
on the lines suggested would be quite unjustifiable, recommend 
the Council to apply to Parliament for authority to reconstruct 
the bridge on the general lines proposed in the rejected Bill. In 
view, however, of representations which have been made, it is 
proposed to set back the abutments to the embankments on both 
sides of the river. 
* % % % % ж 

Some interesting engineering work is proceeding in connection 
with the laying of the third line of pipes and aqueduct from 
Thirlmere to Audenshaw reservoir, forming part of the water 
supply scheme of the Manchester Corporation. In the section 
nearest Manchester, the aqueduct will be taken round the south 
side, and cleven railways and four canals (including the Ship 
Canal) will be crossed by means of 15 bridges and subways. The 
chief of these subways is a cast-iron tunnel driven under the 
Ship Canal, about 600 yards west of Barton Bridge, which the 
contractors are now engaged in making watertight. The tunnel 
is about 600 ft. long between the shafts, and both the tunnel and 
the shafts are 14 ft. 6 in. in diameter, and are lined with 1j in. 
cast iron plates. The least distance between the tunnel arch and 
the bed of the canal is about 25 ft. Three water pipes, each 40 in. 
in diameter, are to be laid through the tunnel, and valve houses 
are to be erected at the shafts. A series of platforms with stair- 
ways will be fixed in the shafts and connected by means of a 
central gangway running along the whole length of the tunnel. 

* * * * % % 

According to the annual report of the chief inspector of mines, 
just issued by the Home Office, the total output of minerals 
during 1911, at the mines under the Coal Mines Act, was 
285,942,232 tons, of which 271,878,124 were coal, 2,482,846, fire- 
clay, 7,886,898 ironstone, 8,116,808 oil shale, and 577,561 sundry 
minerals. Adding 13,775 tons from open quarries, the total out- 
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put of coal was 271,891,899 tons, which is an increase of 
7,458,871 tons on that of the previous year, and the greatest out- 
put yet recorded. Probably a considerable portion of the increased 
output was in response to increased demands from the large users 
of coal, who were endeavouring to accumulate reserves, so as to 
minimise as much as possible the dislocation of business likely to 
be caused if the wages dispute between the miners and coal 
owners led to a stoppage of output. There are 1,067,213 persons 
employed at the 3,825 mines under the Coal Mines Act, which is 
an increase of 17,806 compared with 1910. Of the above number 
working at the mines 863,512, or 80.9 per cent. were employed 


below ground. 
+ ж ж ж ж ж 


Yet another condemnation of the tank engine, which, according 
to the ‘‘ Railway News,’’ is as inconclusive as those previously 
offered by the inspecting engineers of the Board of Trade. On 
2nd July a branch train from Glencorse for Edinburgh, North 
British Railway, was derailed, the engine being overturned and 
the fireman killed. The engine was a 4-4-0 tank, running with 
the coupled wheels leading, but an unusual feature of the accident 
is the fact that the bogie of the engine became detached and 
stopped under the second vehicle. ^ Major Pringle is unable to 
account satisfactorily for the accident. Speed was probably 
higher than estimated, but no speed restriction was in force and 
none was considered necessary, while there is no suggestion that 
it was unduly high. Moreover, the engine was the usual one for 
the branch, and was in fair condition as regards wheels and 
flanges. The permanent way also answered all reasonable 
criticisms. Therefore, Major Pringle’s explanation, that the 
derailment was mainly due to the engine running with coupled 
wheels leading at a speed higher than is desirable for safety and 
possibly higher than the superelevation on the curve justified, 
must be accepted as a reasonable attempt to account for the acci- 
dent, but is as inconclusive as most other explanations of tank- 
engine derailments where a decisive and definite weakness could 
not be traced. Meanwhile, it has yet to be proved that either 
leading radial axles or leading coupled wheels are in themselves 
sources of danger, or that such types include more unsatisfactory 
features than others. 
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Sir Robert Hadfield has been able to obtain some specimens of 
the metal of the famous iron pillar at Delhi, and analysis shows 
the following composition:—Carbon, 0.08; silicon, 0.046; 
sulphur, 0.006 ; phosphorus, 0.114; iron, 99.72; total, 99.966. 
The iron percentage was determined, not taken by differ- 
ence. The material is thus an excellent type of wrought iron, 
and the lowness of the sulphur percentage indicates that the fuel 
used in its manufacture and treatment, probably charcoal, must 
have been very pure. The metal contains no manganese, which 
is remarkable, since that element is usually present in wrought 
iron. Sir Robert believes that this is the first time a complete 
analysis has been given of the material composing the Delhi 
pilar. The specific gravity of the metal is 7.81. 


PERSONAL NOTES 
OF MEMBERS. 


ERNEST AMBROSE is now acting as local distributing engineer for 
the Western Area of the Metropolitan Electric Supply Company, 
Ltd., the local office being at 129 High Street, Acton. 

M. F. Browne has been appointed draughtsman to Messrs. Balfour, 
Lyon & Co. (Fabrica), Villa Moderna, Valparaiso. 

Н. C. Еші/р is now employed as a junior assistant shift engineer 
for the Yorkshire Electric Power Company, aud is engaged in 
Brighouse Sub-station ; 7 Bonegate Road, Brighouse. 

F. TALFORD JONES expects to be home on leave shortly ; St. David's, 
Woodcote Valley Road, Purley, Surrey. 

Hersert W. Pitt is now with Messrs. D. Napier & Sons, of Acton, 
in their heavy vehicle department ; 37 Drayton Gardens, West 
Ealing. 

Н. W. SeweLL 15 now with Messrs. T. Н. Brooker & Co., Ltd., 
10 Dane Street, High Holborn, W.C. 

L. Turner has obtained a first-class degree in civil engineering 
(B.Sc.) at the Birmingham University, and has secured a 
position as temporary assistant engineer to Mr. E. G. Elford, 
M.Inst.C.E., the Borough Engineer and Surveyor of Southend ; 
79 Cambridge Road, Southend-on-Sea. 


CHANGES OF ADDRESS. 


Donn, К. W., “56 Olives,” 16 Rutland Road, Bedford. 

Норркк, G. M., 59 Tuxford Road, Wadsley Bridge, Sheffield. 
Howert, W. H., 293 High Street, Plumstead, S.E. 

KETCHELL, E. R., 315 Kingston Road, Merton, Wimbledon, Surrey. 
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Lg RossicNoL, A. E., Lancaster Lodge, Campden House Road, 
Kensington, W. 


Mu&LLER, O. H., 16 Steinbach Str., Radebeul, nr. Dresden, 
Germany. 


STEVENS, S. G., 21 Derwentwater Road, Acton, W. 
SwINDLEHURST, F., 8 Rue Madiraa, Courpevoie, Siene. 
WALTER, G. L., Arranton, Malford Grove, Snaresbrook, N.E. 


CHINGFORD RESERVOIR AND PUMPING STATION. 


The Thirteenth Visit of the Thirty-first Session took place 
on Saturday, 27th July, to the Chingford Reservoir and Pumping 
Station of the Metropolitan Water Board, by the kind permission 
of W. B. Bryan, Esq., M.Inst.C. E. (Past-President). 


The attendance was 39. 


The Resident Engineer, Mr. D. C. Dederell, met the party on 
arrival, and conducted the members over the works. (We are 
obliged to the “ Indian and Eastern Engineer ” for the following 
description of the works.) 


“Тһе reservoir will have a capacity of about 3,000 million 
gallons, an area of 416 acres, and 44 miles of embankment. For 
purposes of comparison, it is interesting to recall that the total 
capacity of the 12 reservoirs formerly belonging to the East 
London Water Company was 2,468 million gallons. The five 
Humphrey explosion pumps, which are being installed for pump- 
ing the water into the reservoir, are of particular interest. Іп 
these pumps the internal combustion principle 1s employed. Each 
pump may be regarded as a gas engine and pump combined, but 
in reality it has no piston, crosshead, connecting rod, crankshaft, 
flywheel, bearings, gearings, or stuffing boxes. The pump actually 
consists of a horizontal pipe connected by two bends at its ends, 
with a vertical close combustion chamber and an open water 
tower. The parts thus connected are nearly full of water, form- 
ing a heavy mass or column of liquid, which is made to oscillate 
under the action of the explosion. The oscillation is quite free, 
and occurs in such a manner that the movement of the water 
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causes the intake of a fresh combustible mixture, the compression 
of this mixture, the explosion and expansion which give the power 
stroke, and the exhaust of burnt products. There are thus four 
primary movements of the water during each cycle, two being 
from the combustion chamber towards the tower and two in the 
Opposite direction. | 


In the larger pumps to be used at Chingford, the combustion 
chambers and valve boxes are both 7 ft. in diameter, and the 
bends connecting them with the horizontal pipes are 7 ft. in 
diameter on one face and 6 ft. on the other face. These castings 
weigh about 22 tons each. The horizontal pipes are 6 ft. in 
diameter thróughout, and the vertical towers at the other end 
gradually increase in the shape of an inverted cone until they 
аге 15 ft. in diameter at the top, which is 9 ft. above highest 
water level of the reservoir and 58 ft. from the bottom of the 
tower. On each explosion 10 tons of water will be taken out of 
the River Lea and delivered into the reservoir against a 30 ft. 
head. The pumps can be stopped and started instantaneously by 
the switch on the electric ignition circuit. 


The fuel to be employed for these pumps will be producer gas 
from anthracite coal, and the guaranteed cost is .0196d. per 1,000 
gallons delivered into the reservoir, with coal at 22s. a ton 
delivered. It is expected, however, that the actual figures will be 
.016d. Тһе guaranteed consumption is 1.1 16. coal per actual 
water h.p. hour, and there is a clause in the specification which 
states that should the consumption exceed the guarantee, the con- 
tractors shall forego £1,000 of the contract price—£19,388 for 
pumps, producers, etc.—for each .1 Ib. of the ascertained excess. 
The pumps have been designed by the inventor, Mr. H. A. 
Humphrey, and the staff of the Pump and Power Co., Ltd., and 
the contractors are Messrs. Siemens Bros., Dynamo Works, 
Ltd." 


At the conclusion of the visit, Mr. G. H. Hughes expressed, on 
behalf of the Institution, their best thanks to Mr. Bryan for 
giving permission for the members to make the visit, and to 
Mr. Dederell for his kindness in showing the party round the 
works, to which Mr. Dederell replied. 


515 
BOOK REVIEW. 


** Energy System of Matter. ". James Weir. 200 pages. (Long- 
mans, Green & Co. 6s.) | 


We have not had the pleasure of studying the above author's 
work on '' Terrestrial Energy," written about 30 years ago, the 
main principles of which, he states in the introduction to his new 
book on '' The Energy System of Matter," would be the founda- 
tion of his new treatise ; but it is quite clear what those principles 
were, and every credit should be given for their lucid statement 
in the new book. 


We regret that, while praising the clear and careful manner in 
which the author has marshalled his arguments, not less than the 
general way in which the book itself is produced, we are quite 
unable to agree with the general conclusions at which he has 
arrived. These conclusions may be briefly stated to be that it is 
impossible that any planet existing, such as the earth, can have 
energy transmitted to it from an external source, and that the 
nature of such a system is that a transmission of such a kind is 
entirely unnecessary. 


The arguments of the author are mainly directed to the case 
of the earth itself, and it is sought to show that the doctrine of 
energy transmission between the sun and the earth cannot be sus- 
tained in the face of scientific observation. The general argu- 
ment against the possibility of this may be stated briefly to be 
that if such a communication of energy does take place, the energy 
added to the earth will be converted into the form of actual energy 
of rotation ; that, once it is so communicated, the nature of the 
system absolutely forbids the escape of energy. The effect of such 
a direct and continuous influx of energy would be an increase of 
the angular velocity of the system, but this angular velocity would 
ultimately be transformed into other kinds of energy, which would 
increase in magnitude and intensity. The planet would thus 
rapidly attain an unstable condition ; its material would soon 
become energised beyond its normal capacity ; the natural stability 
would be destroyed, and the system as a whole would steadily 
proceed towards disruption. 
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It is impossible to review in a short space the arguments by 
which the author arrives at these conclusions, but we can only 
say that they do not agree with the generally admitted principles 
of physics. We will only cite one, namely, the impossibility of 
the transfer of heat across a vacuum, which conclusion the author 
illustrates by the well-known vacuum flask and other devices to 
maintain bodies at a temperature of either above or below that of 
other surrounding bodies. This is only an illustration of one of 
the serious errors into which the author has fallen. 

Having arrived at the conclusions above stated, he has no diffi- 
culty in showing that the earth shows no signs of bodily disrup- 
tion; but, unfortunately, the general permanence of terrestrial 
stability can be equally well accounted for by the emission into 
space of any exoess of energy which the earth may receive from 
the sun, without accepting for a moment the author's contention 
that no such energy is actually received. 


ERRATUM. 


The third Resolution on page 466 of last month's Journal was 
seconded by Mr. Douglas S. Young, and not by Mr. P. L. Young 
as reported, this Resolution should read :— 


Moved from the Chair and seconded by Mr. Douglas S. Young— 

‘ That in the seventh line of Article 34 the words ' one of 

whom shall be an Associate over 26 years of age’ shall 

be substituted for the words ‘one of whom may be aa 
Associate.’ ”’ 


CORRESPONDENCE. 


Hoffman's Ball Bearings. 

Mr. S. C. Saunders (Member) writes that :— 

The universal use of this type of bearing stands as a strong 
testimony of its high efficiency and first-class manufacture. The 
degree of accuracy to which it is made marks a great advance in 
the scientific treatment of detail, which goes to complete the vast 


army of machines, without which our Empire would fall into a 
state of decay. 
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The mystery surrounding its manufacture, it seems to me, is 
enveloped in the one question, which has often presented itself 
to my mind, i.e., “ How do the balls get into the races? ° There 
has always been a sort of a magician’s '' Hey presto!” and in 
they go. 

This being so, I will endeavour to give a short description of 
the method employed in accomplishing the matter :— 

On examination of one of these bearings, four distinct parts are 
seen, i.e., inner and outer races, cage, and balls, marked respec- 
tively A, B, C, and D in Fig. 1., which is an elevation of the 
bearing in question. 


Fig. 2. Fig. 8. 

In Figs. 2 and 8, which are sectional views, the construction of 
the cage is clearly shown, and it is this which gives us the solution 
to the problem, as it will be seen that it is in two halves, which 
are fitted separately and afterwards riveted together by the pins E 
in Fig. 1, as explained below. 

The first operation in assembling consists of placing the two 
races in the position shown in Fig. 4. This allows the requisite 
number of balls to be placed as shown in this figure. 
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They are now separated into their respective positions deter- 
mined by the cage, one-half of which is put on to perform this ; 
the series of cups holding each ball in position (Fig. 3). The other 
half of the cage is now placed in position and riveted up as in 
Fig. 1, thus completing the bearing. 


There is no outward sign whatever as to how this operation is 
accomplished, and the question has often been put without any 
satisfactory answer but a shake of the head, which seems to say: 
“ It’s a mystery." 


I hope these notes may prove of interest to many Members, 


who, perhaps, like myself, may have been puzzled concerning this 
query. 


This information I gained whilst on one of the Institution's 
visits, having asked the question under discussion once again, and 
finding at last someone who could solve the problem. 


NOTES AND QUERIES. 
“ Required Section of a Cross Member in a Motor Vehicle.” 


W. D. Wood (Member).—Seeing in the July number of the 
Journal, under ‘‘ Observations in General," an invitation to 
Members to place their trials and troubles more in the public eye 
of the Institution, and thus benefit by the advice of the more 
experienced Members, I beg to take advantage of this offer. 


The enclosed rough sketch represents a cross-member for a 
motor vehicle, loaded in the manner indicated. The section is 
channel, all the metal being of one thickness. The load W and 
dimensions D, L, and B are known quantities. 


The information desired is a simple formula, if possible, to 
calculate the required section of the member, due to its being set 
downwards and also to the offset load W. This load would also 
tend to twist the member in the manner of an ordinary shaft. 


Any information as to the amount of twist set up in degrees, 
for a given load and leverage, would be much appreciated. 
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Reply to above Query. 


C. Clench (Member).—Replying to Mr. Wood’s query and 
sketch, I give the following two equations :— | 
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bh3—(b—2s)(h—-C2s* WL 6 rs) 
— ho "ssl “Га 
Һ--2Ь-- 245. 


WL g,P* 
am М0) isst + ° *pa ;) 

h, B and L in inches. 

W in lbs. 
The former is in direct answer to Mr. Wood's query, and the 
latter deals with practically the standard sizes of channel. With 
regard to the latter part of the query, i.e., the amount of twist 
set up in degrees for a given load and leverage, I am afraid that 
a formula cannot be secured for this. 


How does a Hawk Hover? 

We should be glad to have any observations on the following 
queries from Mr. Herbert G. Dempster (Member), of the Divisional 
Engineer's Office, | Nelspruit-Sabie Railway, Nelspruit, 5. 
Africa :— 

In these days of aviation there are many problems in *' flight ” 
which will be of interest to Juniors, and there is one at least that 
has completely beaten me :— 

How does a hawk hover? 


I do not remember having noticed them at home, but they may 
be seen almost any day in this country, and I imagine that hawks 
have the same peculiar habit all over the world. 


On a windy, gusty day I have often watched them soaring and 
wheeling round and round, and then suddenly bring up head to 
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wind and remain stationary for anything from 5 to 25 sec., 
presumably on the look-out for field mice. 

With a pair of binoculars I have got them lined in between me 
and some prominent object on a background of hill or krantz, and 
they have remained apparently absolutely stationary, neither rising 
nor falling, certainly without moving a distance equal to half their 
own length. Their wings will first be motionless, and then give 
a few quick flutters, as if counteracting some sudden external 
force, and then they will be motionless again ; but the bird will 
remain stationary, as if it were being balanced on the top of some 
invisible pole. This phenomenon appears to me to be one of the 
miracles referred to in Mr. Paul Waterhouse's delightful paper, 
‘* Bridges. ''* 

I have been told that the hawk is endowed with a peculiar 
instinct which enables it to work this miracle, but that explanation 
gives me no satisfaction. Neither was my curiosity satisfied by 
the answer I got from one of the London journals devoted to 
flight, to the effect that the bird alters the angle of incidence of its 
wings, and so counteracts the varying force of the wind. Of 
course it does, but how does it know when it moves? How does 
it know when it is going to move? How does it know when it 
has moved? 

Imagine a man in a boat floating on a swift-flowing current, 
with nothing in view but a high cliff, say, 100 ft. away to one 
side. Give him ample power sufficient to propel his boat in any 
direction against the swiftest current, and give him perfect con- 
trol over that power which will enable him to immediately nullify 
the effect of the eddying stream, and then tell him to keep exactly 
opposite some mark on the cliff and at a constant distance from it. 
Why, he would be swept yards away before he knew he had moved! 

Yet my imaginary boatman would have a much easier job than 
the hawk, for, unless his boat sank, he would not have to worry 
about keeping at a constant level; the water would keep him in 
the one plane. But the hawk has to instantaneously counteract 
any tendency for the wind to move him up, down, north, south, 
east, west, or any combination of these directions. How does 
hedoit? — 
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Stresses in a Reinforced Concrete Foundation Sfab. 

Mr. A. P. Morris, Assoc.M.Inst.C.E., sends us the following 
letter and calculations, and, as desired by him, we should be pleased 
to have any criticisms thereon for publishing in the Journal :— 

c/o Public Works Department, 
Burma Secretariat, 
Rangoon. 


17th May, 1912. 
Dear Mr. Swales, 


I herewith forward some calculations for the foundation slab 
of a building which is to be erected in Rangoon. There has been 
a good deal of discussion as to the thickness necessary for a 
reinforced raft to carry the building. The calculations which 1 
forward seem to me to give the stresses with sufficient accuracy, 
but I should be glad to have the opinions of any Members who 
are interested in this type of work. If you would bring the papers 
forward at one of the informal meetings, or in some other way 
obtain criticisms for me, I should feel obliged. There will probably 
be some Juniors who have had to deal with similar work or who 
can quote literature on the subject. 

I am, dear Sir, 
Yours faithfully, 
ARTHUR PERCY Morris. 


The writer recently had occasion to calculate the stresses in a 
foundation slab for a large building. 

It was proposed to carry the building on a reinforced concrete 
raft. The design was for a steel-framed building, and the loads 
were transmitted to the raft by the columns, which were spaced 
20 ft. apart. Not having access to any previous calculations of 
this kind, the analysis of the stresses was worked out from first 
principles, and the result is now put forward, with a view to 
obtaining criticisms from those Members who may be interes:ed. 

It is assumed that the soil is sufficiently liquid to ensure that 
the pressure on the base of the slab shall be uniform. Without 
such an assumption the problem becomes insoluble, and the devia- 


tion from this assumption must be covered by the factor of safety 
assumed. 


NOTES AND QUERIES. 523 


Consider first the case of a circular slab to which a load is 
applied at the centre of the circle, the load, of course, being vertical 
and the slab horizontal. 

Let the upward reaction of the soil be P tons per sq. ft. 


ГУ с! 


9 
Fig. 1. 
Consider а wedge-shaped portion of this base as BOC, where 
BOC = a and OB = R the full radius of the base, О being the 
point of application of the load. 


On an arc B!C1 distant г from О, there would be a bending 
—r3 


‚ К 
moment upwards. The area of the portion B C СІВІ is a 


and the centre of pressure of this area is distant 
2 (>= г.) from O or 


В: 
E (R=) —r from B1Ct! 


hence the bending moment on BC! is 
R2 —r? 2 (Қас) P 
T uu ЖЕ аст? -r ja 


=* (2 Кз—3 Кзг + гз) 


| I 
Hence when a = = 
P /2 R§-3 Кз В 
Bending moment = € (GBA 

and this is therefore the bending moment on unit length of any 
face square with a radius and distant r from the centre of the circle. 
Now if the base be not circular, the same argument applies, 
that is to say, for a radial line drawn from the point of application 
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of the load to the outer edge of the slab, if the distance to edge 
be L, the intensity of bending moment at ] from the point of 
application of load is 
P (? L*-3L* i) 
6 1 
or if1 = KL, intensity of bending moment 


_ PL? (3 K) 
~ 6 K 


Now consider a continuous slab with a series of columns trans- 
mitting the same load each and spaced along lines at right angles 
to one another. Let the distance between adjacent lines be 2 L. 
Suppose O,, O,, O,, and O,, to be four of the columns in the 
series. 


©, + i + 6. 
i 
! 
——————— Ё = - = we ee eee we 
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e 
с” | т 
05 | 9. 
i 
Fig. 2. 


The effect of the continuity of the beam will be to constrain 
the deflections. Along lines G X L and K X H the slab will form 
ridges, the slope from any point on the slab being always along a 
radial line to the nearest column. The relative values of the tend- 
ing moments along the radial lines from the base of the column 
will be the same as in the free slab, but the actual values will be 
altered, just as in a girder the bending moments are altered by 
fixing the ends. There will be a point of contraflexure for the 
pencil B O C, and for the slab a series of lines of contraflexure. 


Now consider the bending moment curve for a pencil such as 
B O C, where the distance from O to the points B and C equals 
the length of the pencil ; in fact, is L. 
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We have the intensity of bending moment at a distance K L 
from the centre O in a free slab 


Б (ex REM 
x x ame cd 


and also B1C1 
=aKL. 
Hence the bending moment at any distance K L from O 
PL? 
= —$ (2-3 К+ КЗ) 


Let the base of the column be square, and have a side = 2 S L. 
The area of the curve of bending moments between the values S L 
and L 


8 
PE [<@-зк+как 
8 


6 
and hence the mean value of the bending moment 


iac Эче ед 
а (0°75 25+. 5 17V 


РІА, (0:752 5+2 S2 S4) 
6 1-5 
But since the pencil is horizontal at а distance 5 D from О, and 
also at a distance L from O, we get the point of contraflexure 
distant qL from O by equating the mean value of the bending 
moment for a free slab to the value of bending moment at а L 
from O. 


In the case in point the base of the column was 4 ft. square, 
and the distance 2L — 20 ft. 

Hence S = 0.21. 

а С = 0.54 L = 5.4 ft. 

The lines of contraflexure will therefore form squares round the 


columns, these squares having a side of 1.08 L or 10.8 ft. 


3 I 
(075-2 S+ = S?—-S* 
P Ds 4 ) 


Hence 


The bending moment intensity at any point along a radius on 
the slab will be equal to that given for the corresponding point on 
a free slab as calculated by the formula, less the value of the 
bending moment at the point of contraflexure for the same radius 
as calculated for the free slab formula. 
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The shearing force will not be affected by the continuity of the 
slab. | | 
To return to figure 1, the shearing force on B1C? will be 


Pa (“се 
2 


And the length of B1C1 = ra. 


2. үз 
Hence the shearing force per ft. width — 3. (5 Е : ) 


Or, in the case of a square slab using the notation as before, 
intensity of shearing force (i.e., shearing force for unit length of 
face) 


P L2a I 
= 5278 3 
— 2 (ped) ӨКІ. 
Ри (12K: 
— 2 ( K ) 


From these figures it would appear that the bending moment 
at the centre of the slab along diagonal lines between columns is 
double that at the centre of a least diameter between columns. 

The writer recognises that there may be some tendency to level 
up the stresses, but, so far as he can see, the formule gives a safe 
basis for calculation. 

A design has been got out based on these figures. The slab, 
for purposes of convenience of construction, has been taken of 
even thickness, except towards each column, where the concrete 
is thickened up and forms a truncated square pyramid. | 


PE ee che 20.0... =----- 


Fig. 8. 


The load on the columns is not, of course, the same in all cases, 
but by taking the maximum load on any one column and assuming 
it for all, the results will be on the safe side. 
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The outside edge of the slab is, of course, a cantilever, and 
requires somewhat different design. The formule can be modified 
accordingly. The writer in the present instance is, however, par- 
ticularly interested in the portion of the calculations given above, 
and will be grateful to any Members who, living nearer sources 
of general information, can give useful criticisms. He would also 
be grateful for any references to literature on the subject. 


INTERNATIONAL INTERCHANGE OF 
STUDENTS. 
By Н. P. PHILPOT, Wh.Sc., B.Sc., A.M.I.Mech.E. 
(Member of Coancil). 

An important conference was recently held at the Caxton Hall, 
London, to discuss the working of the Association for the Inter- 
national Interchange of Students which was established in 1909 
under the presidency of Lord Strathcona and Mount Royal, 
G.C.M.G., and to consider the best means by which the objects 
of the Association can be attained and the Association itself 
placed upon a permanent basis. 

For the information of the Juniors, the main objects of the 
Association may be briefly stated as follows :— 

l. To provide opportunities for students (and in this connec- 
tion the word '' students ’’ is intended to include professors апа 
graduates) of the different universities and institutions to obtain 
a real insight into the life, customs, and progress of other 
nations by arranging for them to spend a year or more of their 
studentship at another university. 

2. То increase the value and efficiency of university training 
by means of travelling scholarships. 

9. To organise special educational tours for those wishing to 
study social and industrial conditions in other countries. In this 
connection technical tours, which would be of special interest to 
the Juniors, have been arranged in the United States and Canada, 
and similar tours have been carried out in the British Isles for 
students from America and other countries. 

The conference was very representative, being attended by 
delegates from universities and institutions from all parts of the 
British Empire and the United States. 
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Several important resolutions were passed by the Conference ; 
among others, it was resolved that the Association should be put 
upon a permanent basis. This would require a capital sum 
sufficient to produce an income of £4,000 per annum to be 
expended in providing for about two-thirds of the sum required 
to provide 30 travelling scholarships. It is proposed that the 
remaining one-third should be provided by the institution or 
college through which the scholarship is awarded. 


Other resolutions passed recommend that the scope of the 
Association should be extended to include other countries as 
opportunities occur (at present the work of the Association is 
limited to the British Empire and the United States) and that 
every effort should be made to develop the facilities for the 
international interchange of professors. 


This latter resolution is undoubtedly a very important one, and 
would appear to indicate a method by which the objects of the 
Association could be obtained with efficiency and economy. For 
the average student there is some danger in moving from one 
institution or college to another, unless the move be effected at the 
end of his course of instruction and the year is additional to his 
ordinary course; but there seems little reason why professors 
who are specialists in particular subjects should not be inter- 
" changed, except from their own point of view. In this way the 
differences of thought, methods, and progress of other countries 
would be brought home to the student with the minimum of loss 
or interruption of his ordinary course. 


There is one direction in which our Institution may be able to 
help forward the work of the Association. In the event of the 
winner of the Durham Bursary wishing to study any technical 
subject or conditions in America, it might be possible that some 
arrangements could be made between the Association and our 
Institution to render this possible, and the same would naturally 
apply to any similar scholarship or bursary that may be started 
by any member wishing to follow the excellent example set by 
our friend and Past-Chairman, Mr. F. R. Durham. 


Any members who are specially interested in the subject should 
write to the Honorary Secretary, Mr. H. W. Crees, Caxton 
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House, Westminster. The Association has issued two reports 
on the work done, and a third one is in course of preparation. 

A suggestion, which is rather on the lines of the general objects 
of the Association, and which is worthy of discussion among 
the members of the Junior Institution, is the following—Why 
should there not be an arrangement between engineering firms in 
different countries to enable an international interchange of 
apprentices ? 

If an apprentice in an engineering works were allowed to spend 
one year of his apprenticeship in the works of some firm in the 
United States in exchange for a similar privilege granted to 
an American apprentice, it would be to the mutual benefit 
of the profession in both countries. The only argument against 
such an arrangement will come from the very small proportion of 
engineering firms who have some secret process to protect, but 
even there the apprentice is not usually instructed in the secret 
process, and this objection would only apply to a very small pro- 
portion of the total number of apprentices. 


NOTES ON DESIGN AND CONSTRUCTION 
IN GAS WORKS, 
By GEO. EVETTS, Assoc.M.Inst.C.E. (Member). 


In October last the writer had the privilege of reading before 
the Institution a few notes on Gas Works construction, which 
afforded him an opportunity of giving many costs, and the 
increases since the paper was written (12 months or more ago), 
prompts him to somewhat modify these figures, and to add a few 
general remarks concerning the subject. 

This increase is due to many factors. Nearly all raw materials 
are dearer, and wages are higher, more particularly for transport 
workers, and in the coal and iron trades, which combined, may 
be said to form the basis of engineering costs. Again, owing to 
various strikes, which caused enforced idleness in many trades, 
and acted as a brake on men giving contracts or buying materials, 
such a rush of work has marked the re-commencement of opera- 
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tions, that foundries, rolling mills and erecting shops are full up, 
this tending to inflate the costs for recent buyers. It is hard to 
say for how long the latter cause will operate, but it is well known 
that a big price due to abnormal conditions does not fall as soon 
as things reach the normal, and sometimes not at all. Paying 
big prices is an easier habit to get into than fall out of. 


To come to figures, the writer has found that castings and 
rolled section work has increased from 15-20 per cent. dependent 
on the labour involved. In retort setting work as a whole, the 
prices are up 20 per cent. at least. Recent contracts for this 
work have been given at from £44 to £50 a mouthpiece, against 
£35 to £42 given in the original paper. A stage floor retort house 
£34 per ''mouthpiece" against £24 to £32 given originally. 
Purifiers (set of 4 complete), 10 ft. by 10 ft. by 4 ft., £700 com- 
plete, compared with about £625 shown on curve in original 
paper, or £11 10s. per ton after deducting foundations. Cast iron 
pipes £6 8s. per ton against £5 12s. 6d. a year ago. 


In the course of a recent contract of four months' duration, 
ballast rose from 6s. to 8s. 3d. a load, and stock bricks from 33s. 
to 38s. 6d. per 1,000 delivered on site, cement from 29s. 6d. to 
335. 64. a ton. In this case the big increases іп the cost of ballast 
and bricks were due to a scarcity in the district, due to several 
large contracts being carried out. 


There are one or two points in the paper which can be made 
the subject of further comment at the present time. The author 
drew attention to the fact that it is not economical to work 
portion only of the retorts in a particular arch, but has since seen 
a setting of 6 retorts in one arch, with a centre wall, and enabling 
3 or 6 to be worked at will. Naturally, the 3 cannot be worked 
at the same fuel economy as the 6, but is nevertheless suitable for 
a small works. 


Referring to chimney area, given as 14 square in. per lineal 
foot of retort, it should have been pointed out that with through 
retorts working with single fires, three-fourths of this amount 
would be sufficient. 

In the matter of retort house construction, several houses have 
recently been constructed in steel framing and 44 in. brickwork, 
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and some with steel framing and 2$ in. plaster walls, these walls 
being reinforced with various types of expanded metal and mesh- 
ing. 

The recent big increases in the sale of gas for some of the 
suburban gas companies with which the writer is more or less 
associated, has emphasized the value of planning the buildings 
and plant so that they are available for extensions without much 
destruction of existing work. 

The recent disaster to a spiral guided gasholder at Ilkeston 
calls for a few remarks. The writer in the original paper stated 
that he had never come into contact with a case of failure of a 
steel tank, and later on, ventures the opinion that there is no 
need to question the stability of spiral guided gasholders, assum- 
ing of course that adequate precautions are taken against disaster. 

From the evidence given in this case, it seems fairly certain 
that the tank failed, and from the figures given as to thicknesses 
and general construction, one is led to the conclusion that the 
tank was not so strong as it should have been, and that, further, 
no extra provision was made in the tank for the increased stresses 
due to the fixing of the rollers which engaged with the spiral 
guides. The factor of safety was a little over 2, and Bessemer 
basic steel was used in the construction, which was found to have 
rather more phosphorus than usual in its composition. This made 
the metal brittle, and the actual conditions which led to failure 
was (in the opinion of many) a considerable variation of tempera- 
ture preceding the accident. Possibly this was accelerated by 
some other abnormal condition, but the general conclusion is that 
no reflection can be cast upon the spiral guided holder as a type ; 
and, as far as safety is concerned, the steel tank stands exactly 
where it was before. In this case the fault was that instead of 
the steel tank being made stronger than when associated with an 
ordinary column guided holder, it was made weaker. In the 
writer’s practice, the factor of safety of all steel gasholder tanks 
is 5 to 6, or, say, a working stress of 5 to 6 tons to the square inch 
when erected, and all steel used is ‘‘ Siemens Martin,’’ conforming 
in all respects to the British Standard Specification. 

Reinforced concrete is being used largely in gasworks on the 
Continent and in America for foundations, and in a lesser degree 
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for buildings, coal bunkers, etc. For the two first named its use 
is also increasing in this country, but the author's previous 
remarks about its use for gasholder tanks, and similarly for tar 
or liquor storage reservoirs, are borne out by the fact that no 
further progress has been made in their adoption, and also to the 
fact that an eminent American writer has recently contributed to 
the literature on the subject, in which he confirms with emphasis 
previous utterances on the merit of steel tanks compared with those 
in concrete, plain or reinforced. 


Retort house floors can be well and economically constructed in 
reinforced concrete. A thoroughly good job can be made of stage 
floors by keeping them absolutely detached from the bench itself. 
This can be effected by a subsidiary column in front of the buck- 
stays, instead of the commoner method of supporting them off the 
buckstays. It is, of course, a little more expensive. When these 
floors are arched, a convenient method is to use thin plate or 
corrugated iron instead of wooden centerings, and leave them in 
when the floor is completed. 


The author, in the orginal Paper, drew attention to the advan- 
tage of simplicity in gasholder design. A holder will shortly be 
erected, of 1} million cub. ft., and, after going closely into details, 
the following was decided upon as the most economical form of 
construction :— 


Steel tank, 140 ft. diam. by 81 ft. deep ; side plates, varying from 
15 in. thick at top to 1 in. at bottom ; bottom plates, $ in. inside and 
t in. outside row ; 3-lift holder of diameters 132 ft. 6 in., 185 ft., 
and 137 ft. 6 in. ; guide framing consisting of 24 standards, about 
18 ft. біп. apart, and of Н joists, 16 in. by біп. by 62 Ib. ; 
horizontal girders, 10 in. by біп. by 42 lb., joists, and 2 in. 
diagonal tie rods. The framing in the tank for resting the crown 
will be constructed of light iron, with H joist uprights, 7 in. by 
4 in. by 16 lb. radial purlins, and 7 in. by 4 in. or біп. by 8 in. 
circumferential supports. 


The uprights will be braced both radially and circumferentially 
with lin. or $ in. round tie rods. The estimated cost, including 
foundations, is nearly £18,000, against a little over £11,000 in the 
curve cost accompanying the original Paper. It should be pointed 
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out that the space available in this case allowed a circle of a little 
over 150 ft. in diameter for the excavation limit. 


Turning our attention from constructional to general matters, 
an incident of importance to the industry is the substitution of a 
calorific standard, instead of an illuminating standard, in two 
recent Bills before Parliament, now through both Houses. ‘The 
first is the Amalgamated Wandsworth, Wimbledon and Epsom 
Gas Companies. Instead of an illuminating standard of 14 candles 
there is a standard of 136 calories per cubic foot, or 540 B.T.U. 
gross, with a penalty when the power falls below 122 calories (484 
B.T.U.). The second is the South Suburban Gas Bill (also for 
amalgamation with the Bromley and West Kent Companies), for 
which the figures are 540 B.T.U. and 475 B.T.U. respectively. 
As over 90 per cent. of the gas consumed is through incandescent 
burners, in cookers, fires or gas engines, where heating value 
alone counts, the importance of this change will be appreciated. A 
further advantage ts that the calorie or B. T.U. is a definite physical 
standard, whereas the old candle power is an empirical standard, 
and the candle power developed depends on the type of burner, 
rate of consumption, pressure, air mixture, and thus admits cf 
getting different results by two or more operators when testing the 
same gas. The Gas Light and Coke Company already have 
calorific tests, but it does not displace the illuminating standard. 


The greatest difficulty at present is the increased cost of coal. 
As the reader knows, gas is one of the few commodities which 
has decreased in price during the past few years, in spite of the 
increased cost of the ingredients, coal and labour (whether 
mental or manual) The industry is meeting this in an admirable 
manner, to nobody's detriment and to the public benefit ; 
chiefly by getting more out of the coal than before, and by 
keeping up-to-date in all the recent developments in chemical, 
technical and mechanical matters. Since the adoption of 
machinery the coal yields more, the same space and plant turns 
out more gas, and the wages (per unit) are less. It is rare that 
the introduction of labour saving machinery means dismissal of 
men. At ап up-to-date works at present, the following is obtained 
from a ton of good coal :— 
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Gas, 11,800 to 12,800 cub. ft. 

Coke for sale, 10% to 114 cwts. 

Tar, 11 gallons. 

Sulphate of Ammonia, 28-26 Ibs. (obtained from 32-36 
galls. of ammoniacal liquor). 

A certain proportion of this extra cost of coal is recovered in 
the slightly increased price of coke and higher price of tar; the 
rise in the price of the latter produce being due to its popularity 
for the treatment of roads. Dehydrated and ammonia-freed tar 
fetches a much higher price, and it will certainly pay medium and 
large sized works to install a suitable plant for this purpose. 

The coal and transport strikes have drawn attention to the fact 
that in future companies must consider the matter of increased 
storage, and the old standard of 6 to 8 weeks will be more likely 
10 to 12 in the future. To all companies this will mean a large 
increase in dormant capital. 

Recent Parliamentary decisions to prevent certain companies 
who possess sulphate plants from buying ammoniacal liquor from 
small neighbouring concerns will hamper the industry, and is 
forming a case for stern opposition on the part of the Gas 
Companies’ Protection Association at the present time. 

The Clause embodying the decision has been inserted owing to 
the opposition of the Alkali Manufacturers’ Association, who 
claim that the purchase of gas liquor and other by-products from 
neighbouring concerns is going beyond the legitimate business 
for which they are incorporated and given statutory powers. But 
the hardship and inequality is from the small company’s point of 
view, who will not be able to sell to a friendly adjacent company, 
but will be compelled to sell to a chemical manufacturer, such 
purchasers being limited, and, in all probability, all members of 
the above Association. This restriction of competition will 
naturally have the tendency to reduce prices, and, in cases where 
the liquor has to be carried a long distance, profits would be 
reduced to a very narrow margin.* 

In spite, however, of these matters, but briefly touched upon, 
the outlook is promising. The day load is increasing by leaps and 


* Since writing the above, the House of Commons have decided to refer the 
whole matter to a Joint Committee. 
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bounds, due to the progress of gas cooking and heating, the slot 
meter is continuing its good work amongst the working classes, 
and co-partnership is causing companies who adopt it to get 
round them a loyal band of workers. With the co-partnership 
bonus acting in concert with the operation of the sliding scale, we 
have a unique bond of interest between workman, customer, and 
Shareholder, and could similar schemes be operated in all indus- 
tries producing the necessaries of life, we should have the most 
practical solution of labour difficulties. In most companies the 
sliding scale gives four-fifths of the benefit of a reduced price to 
the customer. The shareholder gets an increased dividend due to 
the lower price, and the workman gets a higher percentage bonus 
on his wages. Thus all are interdependent ; lower price—more 
gas sold—bigger profits—bigger dividends—more wages. More 
gas sold invariably tends to further lower prices, and thus the 
circle of events is repeated. This is not a picture drawn from the 
imagination, but is a statement of cold fact, and what has been 
happening all other the country during the last few years. The 
three colliers first out of the Tyne after the strike were bound for 
the Thames to supply London with its gas, and manned by co- 
partners. And yet one hears of a ‘‘ Dying Industry." Our 
present state of robust health is due in a great measure to our 
three unromantic friends, the incandescent burner, the gas cooker, 
and the slot meter. 


PRINCIPLES OF WIRELESS TELEGRAPHY, 
By Capt. Н. RIALL SANKEY, К.Е. M.Inst.C.E. 
(Hon. Member). 


Further to the report of the visit on the 12th July to the works 
of the Marconi Wireless Telegraph Company at Chelmsford, pub- 
lished in last month’s Journal, the following is a short account of 
the principles of wireless telegraphy as given by Capt. Sankey 
after lunch. 

Let us, he said, as a preliminary, endeavour to define the general 
principle on which wireless telegraphy is based. Its object is to 
produce a series of ether vibrations which are capable of trans- 
mission in space, but which can be detected by an apparatus 
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designed for that special purpose. Given these possibilities, it is 
easy enough to go a step further and make these ether vibrations 
indicate words and sentences, which can be understood at the 
receiving end. Vibrations such as we have just spoken of are 
usually known as electro-magnetic waves. They are transmitted 
in all directions in space, within a 40-mile limit from the earth’s 
surface. Let us discover the reason for this limitation. Electro- 
magnetic waves require not an electric conductor for their trans- 
mission, but a dielectric. Now the earth is a conductor, and so 
is the attenuated air above the 40-mile limit ; but between these 
two the pressure of air is sufficient to make it a dielectric, and 
this is the medium which must be chosen for the dispersal of 
electro-magnetic waves. Clerk Maxwell, in 1864, was the first to 
prove the theoretic existence of these waves, and he further demon- 
strated mathematically the laws by which they were governed ; but 
their actual existence was first demonstrated by Hertz in 1888, 
and his services in this direction are acknowledged in their well- 
known title of Hertzian waves. 

For the purpose of demonstration he used an apparatus known 
as the Hertz oscilator. It consisted of a ''capacity," an 
‘* inductance,” and a ‘‘ spark-gap." Perhaps a sketch will make 


the explanation clearer. Suppose two circles represent the 
capacity or electric condenser ; one marked negative, the other 
positive, representing respectively the negative and positive 
charges. The dotted lines represent the electric stress produced 
in the surrounding medium or dielectric. Two parallel lines drawn 
from the negative and positive plates to two black dots at the 
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centre of the diagram constitute the inductance. The black dots 
are the spark-balls, and the space between them the spark-gap. 
The means of charging are not shown, but it will be readily 
understood that. if the charge be increased, the electric stress will 
also increase, until the dielectric will be unable to sustain the 
increased stress, when a spark will pass and the condenser will be 
discharged. Such a discharge means that the area between the 
spark-balls will become momentarily a conductor, and, if the 
values of the capacity and inductance are suitable, the discharge 
will be oscillatory in character. A simple mechanical analogy will 
make this readily understandable, and we can represent it by 
another diagram. Here are two glass vessels connected by a pipe, 


in which is placed a diaphragm. The right-hand vessel is No. 1, 
the left-hand No. 2. If No. 1 be filled with water, the diaphragm 
will prevent any of it making its way into No. 2 vessel; but a 
time will come when the diaphragm will be unable to bear the 
increased pressure, and will burst, when the water which is in 
vessel No. 1 will rush through the pipe into No. 2. By so doing 
the water will acquire velocity, and kinetic energy will be produced. 
As the water rises in No. 2, the velocity will decrease, and the 
kinetic energy will be reconverted in No. 2 into energy of head. 
If there were no such thing as friction, the level of the water in 
No. 2 would finally reach the same height at which it stood in 
No. 1, just before the diaphragm burst. Then it would flow back 
into vessel No. 1, and reach its original level, and these oscilla- 
tions of the water from one vessel to another would be continuous. 
Now if we use this illustration to explain our first diagram of the 
Hertz oscillator, vessels No. 1 and Ко. 2 represent “ capacity,” 
the inertia of the water in the pipe, the ‘‘ inductance,” and the 
diaphragm, the '' spark-gap.’’ We have supposed that there has 
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been no friction to disturb the progress of our experiments, but 
this is only in theory, for as a matter of fact the friction would be 
considerable, so that the water in No. 2 would not rise as high as 
it stood in No. 1; and, as the experiment proceeded, the height 
reached by the water in each vessel as it continued to oscillate 
would become less and less, until at last it would settle down to 
equal levels in both vessels. Such oscillations, where the ampli- 
tude gradually diminishes, are known as damped oscillations. 
But suppose, further, that the vessels were made of india-rubber 
instead of glass, then each time they were filled they would expand, 
and, being emptied, would contract. This would create a pul- 
sating movement, which would cause pressure waves in the air, 
and these would travel in all directions with the velocity of sound. 
The expansion of the rubber vessels, and the necessary produc- 
tions of air waves would, however, result in a greater radiation 
of energy, so that water in the rubber vessels would come to rest 
sooner than in the glass vessels, or, in other words, the damping 
of the oscillations would be increased. 

Now we must turn our attention once more to the Hertzian 
oscillator. If one of the capacity plates were increased in size, 
and the conductor from the plate to the spark-ball were corre- 
spondingly diminished, there would be no alteration in the lines 
of electric stress starting from the other plate. In fact, the lower 
plate could be increased to infinity till it becomes—the earth! as 
shown in Fig. 3. 


Earth 


Fic. 8. 


The principle on which the invention of wireless telegraphy was 
based can now be stated. Once again let us take our two 
capacity plates, the inductors, and the spark-balls. As we have 
shortened one of the inductors, so we have enlarged its corre- 
sponding capacity plate; so that if we lengthen the inductor of 
the other, we can diminish its capacity plate ; and the logical con- 
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clusion of this theory is that if the wireless conductor can be made 
of sufficient length, its accompanying plate will become unneces- 
sary. This is exactly what has happened in wireless telegraphy. 
A plain wire of sufficient length to do away with the capacity plate 
has been adopted, and this plain wire is known as the aerial. If, 
however, a continued service of electrical discharge is required— 
and this is, of course, a sine qua non for the transmission of words 
and sentences—some means must be found for charging the oscil- 
lating circuit or aerial after such discharge, as can be done, for 
example, by connecting the spark-gap of the aerial circuit to the 
secondary of an induction coil. 

Such is the general principle on which wireless telegraphy works, 
and the arrangement described constitutes Marconi's initial inven- 
tion ; but all the difficulties in connection with the transmission 
of messages have not yet been dealt with. One of the chief of 
these is the rapid reduction of energy, for this means that in an 
aerial which is a good radiator there would only be three or four 
rapidly damped oscillations after each discharge, and much more 
than this is necessary if long distances are to be covered. 
We cannot, however, obtain a greater number of oscillations 
simply by increasing the voltage, for if that be too great the air 
will break down at the top end of the aerial by what is known as 
a brush discharge, and this means that it is impossible to overstep 
a certain fixed limit to the energy which can be imparted to the 
short train of electro-magnetic waves. 

Perhaps it would be as well here to explain what is meant by 
a brush discharge, and a good simile is that of a weight dropped 
into still water. If the weight is too large, or the height from 
which it is dropped too great, not only will waves be formed, but 
splashes will be produced, and it is these splashes which corre- 
spond to a brush discharge in ether vibrations. 

Under these conditions it is not surprising to hear that in its 
early days wireless telegraphy was limited to a maximum range 
of 70 miles. What was wanted was a means of impressing a 
large amount of energy in the aerial without the agency of too 
great a voltage, so that a long series or train of waves with the 
minimum of damping oscillations might be produced, and it was 
to overcome this difficulty that Marconi made his next important 
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invention, which is known as the 7777 patent. It is to the im- 
provement worked out in this patent that wireless telegraphy owes 
its important position in the world to-day. It immediately 
increased the range over water from 70 miles to 250 with the same 
initial energy, and ranges of 2,400 miles and over can now be 
worked on a commercial basis successfully: but wireless tele- 
graphy has not yet finally adjusted its seven-leagued boots. It 
will soon be able to cover much greater. distances, and even to-day 
messages have been received at Buenos Ayres from Clifden, 
Ireland, and from Glace Bay, Nova Scotia, which covered a range 
of over 6,000 miles. Another mechanical analogy will explain 
how this has been done. We have already referred to the weight 
dropped into water and the splashes that follow it. | Suppose 
a weight to have been fixed to a horizontal spring ; it is 


represented in Fig. 4 by a round dot, and the spring 
by a thin black line which will vibrate; the maximum vibrations 
are indicated by dotted lines. Suppose now the weight is 
lifted and then dropped; it will hit the water and produce 
a wave, and each successive hit will produce a smaller wave. If, 
however, the weight be lifted too high, the splash, to which we 
have already alluded, will result. To avoid this, we will place a 
smaller weight underneath the big one, in like manner held up by 
a horizontal spring, which will also form an oscillatory system. 


The small weight will be put into motion by the large weight first 
hitting it, which, in its turn, will hit the water and produce the 
waves. Now it is possible to so arrange the energy imparted to 
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the small weight that each impact will be sufficient to produce the 
maximum amount of wave without any splash. A succession of 
waves will thus be produced, and gradually the whole of the energy 
originally imparted to the big weight will be converted into wave 
energy. It must not be forgotten, however, that the small weight 
must be just at the top of its path, as the big weight comes down 
to hit it, so that the period of oscillation of both must be the same 
(or in harmonics)—that is to say, both systems of oscillation must 
have the same time period, or, in other words, they must be tuned. 
Here is a diagram to show an oscillatory electric circuit into which 


Tuned Aerial (Cowpled) 
"E 
HE 
Connected to | 
Source af Elactricky, Spark Gap 
(Allernating) 
Fic. 6. 


a large amount of energy can be put (corresponding to the large 
weight and spring), and an aerial oscillatory circuit (correspond- 
ing to the small weight and spring), which receives energy from 
the oscillatory circuit, and radiates it in the shape of electro- 
magnetic waves. As we remarked just now, these two circuits 
must be tuned. They are, inductively connected by means 
of a transformer, the primary of which is in the oscillatory 
circuit, and the secondary in the aerial circuit. This transformer 
is called a “jigger.” The amount of ''coupling " of a trans- 
former depends on the relative position of the coils, and is repre- 
sented by 100 per cent. at its maximum, and this degree of coupling 
occurs when the coils are absolutely concentric. When they аге 
at right angles to each other, the coupling is zero. When the 
degree of coupling is 100 per cent., all the energy (except for minor 
losses) is transferred from the primary to the secondary in half a 
Cycle, but in wireless telegraphy only a small portion of energy 
at each oscillation from the primary to the secondary is required, 
and therefore the degree of coupling must be small or ‘‘ loose '* ; 


542 PRINCIPLES OF WIRELESS TELEGRAPHY 


in fact, it is only about 6 per cent., or even less. Опе 
point, however, which militates againet the desired result must 
not be forgotten. There is a mutual inter-connection between the 
two coils, and the effect of this is to produce two waves, one with 
a lesser frequency than the free or natural frequency of each cir- 
cuit, the other of greater frequency, and these two waves interfere 
with other stations. If, however, the coupling is loose, the two 
waves merge practically one into the other, and the accuracy of 
tuning is much increased. We have now investigated the method 
by which the largest possible amount of energy can be transferred 
to the aerial, and a succession of electro-magnetic waves formed. 
What is left for us to consider now is how to detect these 
waves at the receiving station—for they are radiated in all 
directions in the dielectric atmosphere which surrounds this earth 
for 40 miles. Suppose a wire which is earthed at one end and 
insulated at the other be struck by electro-magnetic waves, the 
effect will be that an oscillatory current will be produced in it, 
but it wil require a very sensitive instrument to detect this 
extremely minute current. This wire is known as the receiving 
aerial, and the instrument as a detector or receiver. Something of 
the same nature as the one originally used by Mr. Marconi had 
been discovered as far back as 1835 by Munk, and re-discovered 
later by Lodge, Branly, and others. It was known as a coherer, 
and depended on the principle that metal filings are non-conductive 
until acted upon by electro-magnetic waves, when they become 
conductive. Given this important fact, the next thing was to 
arrange a coherer as a relay, which should produce the telegraphic 
signs of the Morse Code in the usual way, by means of a Morse 
inker. To this Mr. Marconi added a tapping arrangement, which 
effected the de-cohesion of the metal particles after they had been 
made coherent by the previous electro-magnetic waves. But when 
all this was arranged, wireless telegraphy was in its infancy, and 
it was afterwards found that it only worked satisfactorily with 
the plain transmitting aerial then in use, which gave only a few 
strong waves. When long trains of waves were produced by 
means of the loosely coupled transformer just described, a, cumula- 
tive effect was gained, and other classes of receivers were found 
to be more efficient, so that now no relay is needed, and the signals 
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are obtained in a telephone. It has, moreover, been found pos- 
sible so to arrange the receiving apparatus that it will not respond 
to signals sent out with wave lengths other than those to which it 
is tuned. This means that a receiving station can cut itself off 
from other wireless stations, and so prevent interruption when 
it is receiving messages from one particular point. А simple 
diagram sufficiently explains this arrangement, which is important 
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from its results, i.e., the greater energy gained for the transmit- 
ting aerial and isolation. A mechanical analogy of the above can 
be obtained by extending the former illustrations used to explain 
the action of transmitting aerial, and we will invert the diagram 
and draw it again on the right. The left-hand diagram now shows 


M oro P NP ERES ее. шанк 
Fic. 8. 
the transmission of the aerial waves, and the right-hand the recep- 
tion of that wave. The big wave strikes the receiving weight, and 
gives the signal, but the succeeding waves have no useful effect, 
and their energy is wasted ; but let us use the same system of the 
larger and lesser weights oscillating in the same periods (or in 
harmonics). We shall then have an inductively coupled aerial and 
.an inductively coupled receiving aerial, so that the succession of 
m 
Fic. 9. 


small waves will keep the weight systems at the receiving station 
in a state of vibration during the whole time of their passage ; 
the repeated and properly timed blows, given by the small weight 
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to the large one, will put the latter in motion, and the major portion 
of the wave energy will thus be transferred to the larger weight. 
One point must be emphasized, namely, that the time periods of 
both the small and large weight systems must be the same as 
that of the waves, or there will be no accumulation of energy in 
the large-weight system at the receiving station. 

Applying these principles to electricity, we can define it in the 
following terms: The train of the electro-magnetic waves main- 
tains oscillation in the receiving aerial, which are inductively trans- 
mitted to the oscillating circuit, and, being properly tuned, the 
energy is accumulated thereon, and becomes sufficient in amount 
to actuate the receiver and give signals in the telephone. This 
means that the oscillating circuits and the aerials at the sending 
and receiving stations must be tuned to the same period, the period 
being the one adopted for the electro-magnetic waves, and this is 
the great principle which underlies the whole of the system of 
wireless telegraphy. 

The following table gives some information about power ranges 
and wave lengths. 


Power and Range of Wireless Telegraph Stations. 


Range in miles (nautical). 


Power required. | o саст Wave. 
= 1 Mountai 
sea. Hilly. ountainous. 
Flat. 500 ft. 3,000 ft. 
Metres. 
100 77 30 13 99 
300 watts m 100 95 73 52 1,200 
; 220 170 67 28 300 
14 kilowatts m 298 210 160 115 1,200 
; 280 240 140 80 600 
3 kilowatts | 280 270 200 145 1,200 
' 340 290 175 100 600 
5 kilowatts m 340 325 240 175 1,200 
i 70 400 240 135 600 
10 kilowatts | pe 450 330 240 1,200 
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William John Conn. 

WILLIAM JOHN Conn was born on the 17th September, 1867, 
and received a general education at the U.C.S. India Engineering 
School, Calcutta, and a technical education and professional train- 
ing by private tuition. He was apprenticed to Mr. Fred Bagley, 
C.E., Executive Engineer; Sir George Whitehouse, С.Е. ; and 
Theo. Mitchell, C.E., Executive Engineer, the class of work 
engaged upon being constructional. In 1893 he was engaged on 
plate-laying and bridge work by the Burmah State Railway, and 
was with the East Coast Railway in 1898; Bezenada, Madras 
Railway, in 1894; lent to Estates, Public Works Department, 
1895 and 1898; Hyderabad G.V. Railway, 1899-1901 ; Federated 
Malay States, on irrigation work, from 1901-3; British North 
Borneo State Railway in 1903, as Railway Bridges Engineer, 
during which appointment he found coal of first-class quality ; 
and at the date of his death, which took place suddenly in Decem- 
ber, 1911, he held the position of Executive Engineer, Bengal State 
Railway. j 

Mr. Conn joined the Institution on 9th April, 1908. 


Joseph Everitt. 


І|овЕрн EVERITT came to London about 1861 from a small 
country village in Wiltshire, a comparatively poor man, but by 
dint of energy and uprightness he made headway, and died, 
although not a rich man, certainly not a poor one. 

Mr. Everitt made many friends, both in business and social 
circles, and spent practically all his spare time in Christian and 
philanthropic work. 

While on a visit to Leipzig he contracted a chill, which developed 
into pneumonia, and after two days' illness he died on Sunday 
evening, 3rd March, 1912 ; the interment taking place in London 
on the 8th March, 1912, many friends being present, the 
managing director and nearly all the staff from the City house of 
Mr. Everitt's firm, Messrs. George Smith & Co., of 10 Watling 
Street, London, E.C., also attending. 

Mr. Everitt was elected an Associate of the Institution on the 
5th November, 1897. 
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Joseph William Hawdon. 

]0$ЕРН WILLIAM Hawpon, who was 62 years of age at the 
time of his death, was one of the first honorary members of the 
Institution, having been elected in December, 1884. 

About the year 1880 he joined the technical staff of the late 
Messrs. Maudslay, Sons & Field, in Westminster Bridge Road, 
and afterwards took over the Works Managership of their Boiler 
Shop at East Greenwich. Later on, he joined the technical 
department of the Thames Iron Works and Shipbuilding Com- 
pany, Ltd., and was transferred to the Greenwich Works of 
Messrs. John Penn & Company, Ltd., when that firm took over 
the Thames Iron Works. Не retired at Christmas, 1909. 

Mr. Hawdon contributed two papers to the Institution, one on 
** Wheel Gearing ’’ and the other on “ Expansion of Steam.” 

| , George Alexander Маси. 

GEORGE ALEXANDER MauLL died on llth December, 1911, at 
the age of 59. In 1876 Mr. Маш! was appointed Works Manager 
for the late G. Mellin (Mellin’s Food), Peckham, when the business 
was of such magnitude that special machinery was required for 
manufacture on a large scale. In 1896, when the business 
became a company, Mr. Maull was appointed a director, and later 
a director on the board of Mellin's Food Company for Australia 
and New Zealand, Ltd., which appointments he held at the time 
of his decease. 

Mr. Maull was a prominent Mason, and was one of the earliest 
Associates of the Institution, being elected on 11th March, 1895. 

Richard Edward Mogridge. 

RicHARD EDWARD MOGRIDGE, who was elected a Member of the 
Institution on the 4th March, 1899, was born on the 15th March, 
1855, and received his education at The Bridge Commercial School, 
Bideford, Devon. He served his apprenticeship with Messrs. 
Baron & Wilson (now Messrs. Wilson & Smith), of King William 
Street, Strand, and Manette Street, Soho Square, London, W.C., 
hot-water and general domestic engineers, with which firm he had 
been, at the time of his death, for 42 years, having held the 
position of Works Manager for 27 years. 

Death took place in October, 1911, after a long and painful 
illness. 
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William Powrie. 

WILLIAM PowRIE was born in Dundee on the 10th October, 
1840, and received a good elementary education at a local school. 
He served his apprenticeship as a millwright, and worked as a 
journeyman for a few years, during which time he erected, or 
assisted at the erection, of flour mills in different parts of Scotland. 
Many of the smaller mills were driven by water-wheels and a few 
by horse-wheels. When not working away from home, or when 
on short time, he attended technical evening classes at the Dundee 
High School, and took an especial interest in engineering and 
architectural drawing, gaining several first prizes and becoming 
a proficient draughtsman. In 1863 he went to Edinburgh, having 
obtained a situation as millwright and pattern-maker in the engi- 
neering department of the Scottish Vulcanite Company. While 
there he married Marion Girdwood, daughter of Mr. George 
Lyall, who was in business as a general engineer in that city. 
He became acquainted with Mr. Wilson, of Messrs. Nasmyth, 
Wilson & Co., Bridgewater Foundry, Patricroft, Manchester, who 
offered him a situation, which he readily accepted, being very 
desirous of extending his engineering knowledge and enlarging 
his experience, and he remained with this firm about three years. 
He then went to Messrs. Furnival & Co., printers' engineers, of 
Manchester, as chief draughtsman, with supervision over pattern- 
makers and the erecting shop. He remained here for five years, 
acting as Mr. Furnival's technical assistant, and during this time 
designed several new types of printing machines. Messrs. Adam & 
Co., printers and publishers, of Newcastle-on-Tyne, who were 
building new works and contemplated the manufacture of printing 
machinery for themselves and others, approached Mr. Powrie 
with a view to his taking charge of the engineering department. 
He accepted their offer, and remained with them for three years, 
until the firm went into liquidation. He left in February, 1877, 
when he came to London to open a branch for Messrs. Furnival & 
Co., and remained since then until his death as their general 
manager in London and district. After coming to London, his 
work was principally of a commercial nature ; but he was kept 
in touch with things mechanical, as he had a large staff of out- 
door erectors, as well as the repair shops, under his control. He 
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always took a lively interest in technical education, and frequently 
lectured, on various subjects, to classes of students. He died at 
his residence, 65 Bromfelde Road, Clapham, London, S.W., on 
19th July, from “© pernicious anzmia,’’ at the age of 71, and was 
interred in the family vault at Lambeth Cemetery, Tooting, on 
the 25th July, 1912. 

Mr. Powrie joined the Institution in September, 1893, and in 
May, 1901, read a Paper on ‘‘ The Mutual Relations of Employers 
and Employed,’’ for which he was awarded the Northcott Prize 
(Volume XI., page 210). 


Osborne Reynolds. 

OsBORNE Reynotps, M.A., LL.D., F.R.S., M.Inst.C.E., was 
born in Belfast in 1842, being the eldest son of Rev. Osborne 
Reynolds, of Debach, Suffolk. Professor Reynolds received his 
early education at Dedham Grammar School, Essex, and was 
apprenticed for a short time at the Works of Mr. Edward Hayes 
at Stoney Stratford, proceeding from there to Queen’s College, 
Cambridge ; being twelfth Wrangler in 1867, and elected a Fellow 
in 1877. Leaving Cambridge, he entered the London office of 
Messrs. Lawson & Mansergh, being engaged on work in connec- 
tion with the disposal of the sewerage of Croydon. In 1868 he 
was appointed to the Chair of Engineering at Owen’s College, 
Victoria University, Manchester, which post he held for nearly 
40 years, relinquishing it in 1905, owing to breakdown in health. 
He was associated with numerous societies, being elected a Fellow 
of the Royal Society in 1877, elected to the Council of that Society 
in 1883, and awarded the gold medal in 1888 ; a year previous he 
was elected President of one of the sections of the British 
Association. 

Professor Reynolds occupied a high position in the scientific 
world, contributing upwards of 60 papers on original researches 
in mechanics and physics, amongst which may be mentioned: 
‘* Laws of Resistance in Parallel Channels "' ; “ Theory of Lubri- 
cation "' ; “ Flow of Gases "' ; ‘f Sub-Mechanics of the Universe,” 
the latter paper being printed and circulated by the Royal Society; 
and “Тһе Racing of Screws.” In this latter paper, which he gave 
in 1878 before the Institution of Naval Architects, he fore- 
shadowed to some extent the modern theory of cavitation. He 
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will also always remain famous for his valuable research work in 
connection with hydrokinetics. 

Practical engineering also received his. attention, as he was the 
inventor of various pieces of machinery. His turbine pump, 
patented in 1875, for which he claimed 58.5 per cent., was com- 
mercially manufactured by Messrs. Mather & Platt іп 1895 ; this 
firm having built one of these pumps in 1887 for the Engineering 
Laboratory of Owen's College: this pump, it is believed, still 
forming part of the Laboratory equipment. Professor Reynolds" 
work in connection with turbine pumps received adequate treat- 
ment at the hands of Dr. Edward Hopkinson and Mr. A. E. L. 
Charlton in a paper which they read before the Institution of 
Mechanical Engineers in January, 1912, on '' The Evolution and 
Present Development of the Turbine Pump.” 

. His connection with the Institution dates back to October, 1891, 
when he was elected an Honorary Member. In 1903 he was 
elected a Vice-President. 

Death took place on Wednesday, 21st February, 1912, at his 
residence, St. Decuman's, Watchet, Somerset. 


Norman Samuel Trustram. 


NORMAN SAMUEL TRUSTRUM, born on 19th August, 1884, was 
the only son of William Trustrum, of Normanhurst, Tennyson 
Road, Luton. He received his education at York House School, 
‘Luton ; Luton Higher Grade School ; and Luton Technical Insti- 
tution: being apprenticed in August, 1899, to Messrs. Hayward, 
Tyler & Co., Ltd., of 99 Queen Victoria Street, London, E.C., 
staying with them eight years, during which time he passed 
through the machine tools, fitting and erecting shops, and drawing 
office, leaving to take up an appointment on 16th September, 1907, 
as a teacher in the Engineering Department of Paddington Tech- 
nical Institute, Saltram Crescent, London, W., holding it up to 
the time of his death, which took place at his residence, 
100 Chevening Road, Kilburn, London, on Friday, 29th December, 
1911, after an operation, rendered necessary from the result of a 
severe kick he had sustained at school. 

Socially, Mr. Trustrum was well liked, and many tokens of 
regards and sympathy were sent: the interment taking place at 
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the General Cemetery, Luton, after a service іп the Wellington - 
Street Baptist Church, of which he was a prominent member. 

Mr. Trustrum, who was elected a Member on 18th March, 1908, 
will be remembered as the author of a paper on '' Some Notes on 
Hydraulic Plate-cutting and Riveting Machines," which he read 
before the Institution on 19th October, 1908 (Volume XIX., 
page 52). 
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